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1 

TTTLE 

1, 4-DIAMINO-2, a-DIHYDROXYBUTANES 
FIELD OF THK TrJWTJTTnr^ 
This invention relates to 1, 4-diamino 2,3- 
5 dihydroxybutanes, a process to prepare these compounds, 
compositions comprising such compounds and a method of 
treating viral infection. 

BACKGftOrTND OF TWF TWKKrTTOM 

Current treatments for viral diseases usually 
1 0 involve administration of compounds that inhibit viral 
DNA synthesis. Current treatments for AIDS (Dagani, 
Chem. Eng. News, November 23, 1987 pp. 41-49) involve 
administration of compounds such as 2 ' , 3 ' -dideoxy- 
cytidine, trisodium phosphonoformate, ammonium 21- 
15 tungsto-9-antimoniate, 1-b-D-ribofuranoxyl-l, 2, 4- 

triazole-3-carboxaraide, 3 •-azido-3 '-deoxythymidine, and 
adriamycin that inhibit viral DNA synthesis; compounds 
such as AL-721 and polyraannoacetate which may prevent 
HIV from penetrating the host cell; and compounds which 
20 treat the opportunistic infections caused by the 

immunosupression resulting from HIV infection. None of 
the current AIDS treatments have proven to be totally 
effective in treating and/or reversing the disease. In 
addition, many of the compounds currently used to treat 
25 AIDS cause adverse side effects including low platelet 
count, renal toxicity and bone marrow cytopenia. 

Proteases are enzymes which cleave proteins at 
specific peptide bonds. Many biological functions are 
controlled or mediated by proteases and their 
3 0 complementary protease inhibitors. For example, the 
protease renin cleaves the peptide angiotensinogen to 
produce the peptide angiotensin I. Angiotensin I is 
further cleaved by the protease angiotensin converting 
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enzyme (ACE) to form the hypotensive peptide angiotensin 
II. Inhibitors of renin and ACE are known to reduce 
high blood pressure in vivo. However, no 
therapeutically useful renin protease inhibitors have 
5 been developed, due to problems of oral availability and 
in vivo stability. The genomes of retroviruses encode a 
protease that is responsible for the proteolytic 
processing of one or more polyprotein precursors such as 
the jiol and aaa gene products. See Wellink, Arch. 

10 Virol. ^ 1 (1988). Retroviral proteases most commonly 
process the aaa precursor into the core proteins, and 
also process the pol precursor into reverse 
transcriptase and retroviral protease. 

The correct processing of the precursor 

1 5 polyproteins by the retroviral protease is necessary for 
the assembly of the infectious virions. It has been 
shown that in vitro mutagenesis that produces protease- 
defective virus leads to the production of immature core 
forms which lack infectivity. See Crawford, J". Virol, 

20 899 (1985); Katoh fit. al. , Virology 14i 280 (1985). 

Therefore, retroviral protease inhibition provides an 
attractive possible target for antiviral therapy. See 
Mitsuya, Nature 22^ 775 (1987) . 

Moore, Biochem. Biophys. Res. Cotamun., 159 420 

25 (1989) discloses peptidyl inhibitors of HIV protease. 
Erickson, European Patent Application No. WO 89/10752 
discloses derivatives of peptides which are inhibitors 
of HIV protease. 

U.S. Patent No. 4,652,552 discloses methyl ketone 

3 0 derivatives of tetrapeptides as inhibitors of viral 
proteases. U.S. Patent No. 4,644,055 discloses 
halomethyl derivatives of peptides as inhibitors of 
viral proteases. European Patent Application No. 



wo 91/18866 



PCr/US91/03852 



WO 87/0783 6 discloses L-glutamic acid gamma- 
monohydroxamate as an antiviral agent. 

The ability to inhibit a protease provides a method 
for blocking viral replication and therefore a treatment 
5 for diseases, and AIDS in particular, that may have 

fewer side effects when compared to current treatments. 
The topic of this patent application is 1, 4-dimino-2, 3- 
dihydroxybutanes and the development of processes for 
the preparation of these diols which compounds are 
10 capable of inhibiting viral protease and which compounds 
are believed to serve as a means of combating viral 
diseases such as AIDS. The diols of this invention 
provide significant improvements over protease 
inhibitors that are known in the art. A large ntamber of 
15 compounds have been reported to be renin inhibitors, but 
have suffered from lack of adequate bio-availability and 
are thus not useful as therapeutic agents. This poor 
activity has been ascribed to the unusually high 
molecular weight of renin inhibitors, to inadequate 
20 solubility properties, and to the presence of a number 
of peptide bonds, which are vulnerable to cleavage by 
mammalian proteases. The diols described herein have a 
distinct advantage in this regard, in that many do not 
contain peptide bonds, are of low molecular weight, and 
25 can be hydrophilic yet still inhibit the viral protease 
enzyme. 

Additionally, many compounds that inhibit renin do 
not inhibit HIV protease. The structure-activity 
requirements of renin inhibitors differ from those of 
30 HIV protease inhibitors. The diols of the invention are 
particularly useful as HIV protease inhibitors. 

Other HIV protease inhibitors have been reported, 
but to date very few have shown activity against viral 
replication in human cells. This lack of cellular 



wo 91/18866 



PCT/US91/038S2 



4 

activity is probably due to the factors discussed above 
for renin inhibitors. Unlike other HIv protease 
inhibitors, diols disclosed herein show potent 
inhibition of viral replication in human cells. 
5 An additional advantage of the diols disclosed 

herein is that some of them are symmetrical. The 
symmetrical diols may offer improved binding potency to 
the HIV protease enzyme relative to dissymmetric 
counterparts, and are more readily prepared from 

1 0 inexpensive starting materials . 

The 1,2-diol unit is one of the most ubiquitous 
functional groups in nature, and consequently a wealth 
of methods leading to its synthesis have been developed. 
Foremost in this arsenal are the catalytic osmylation of 

15 olefins (Behrens and Sharpless, J. Org. Chem., (1985), 
50, 5696), ring opening of epoxides (Wai fit al. , J. Am. 
Chem. Soc. (1989), IH, 1123), reduction or alkylation 
of a-hydroxy/alkoxy carbonyls (Davis fit a±. , J. Org. 
Chem., (1989), 54, 2021). Common to all of these 

20 approaches is the preexistence of the central carbon- 
carbon bond of the diol function. Methods that lead 
directly to a 1,2-diol via formation of this bond are 
less common and include the reaction of an a-alkoxy 
anion (Cohen and Lin, J. Am. Chem. Soc, (1984), 106, 

25 1130), with a carbonyl, and the reductive coupling of 
two carbonyls (i.e., pinacol coupling) (Pons and 
Santelli, Tetrahedron, (1988), 44, 4295). 

Of all these methods, pinacol coupling is 
conceptually one of the simplest methods for the 

3 0 synthesis of 1,2-diols. Consequently, a number of 

methods have been developed which utilize this reaction 
for the preparation of these compounds. For example, 
McMurry a£. al. report the preparation of a 1,2-diol by 
pinacol coupling of a dialdehyde in the presence of 
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TiCl3 (dimethoxyethane)2Zn-Cu in dimethoxyethane (McMurry 
£Ltal., Tetrahedron Lett., (1988), 30, 1173). In a 
recent review article. Pons and Santelli describe many 
other methods leading to 1,2-diols which rely on low 
5 valent titanium complexes (Pons and Santelli, 

Tetrahedron, (1988), 44, 4295). Finally, Freudenberger 

J". Am. Chem. Soc, (1989), 111, 8014-8016 
disclose a method which utilizes a vanadium (II) 
complex, [V2Cl3(THF) 6]2[ZN2Cl€] to couple aldehydes. 
1 0 While these methods are generally useful for the 

preparation of 1,2-diols, none of these teach how amino 
moieties can be incorporated into the diols - 
Furthermore, none of the methods disclosed in the prior 
art teach to make four stereocenters in a selective 
1 5 manner . 

EP 4 02 64 6 discloses retroviral protease inhibiting 
compounds of the formula: A-X-B where A and B are 
independently substituted amino, substituted carbonyl, 
functionalized imino, functionalized alkyl, 
20 functionalized acyl, f\inctionalized heterocyclic or 

functionalized (heterocyclic) alkyl and X is a linking 
group . 

StTMMARV OP TWP. TMVENTTOW 

There is provided by this invention a compound of 
25 the formula: 




R10 



3 0 wherein : 



(I) 
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Ri through r4 and bP through Rio are independently 
selected from the following groups: 

hydrogen; 

S Ci-Cs alkyl substituted with 0-3 rH; 

C2-C8 alkenyl substituted with 0-3 R^i; 

C3-C8 alkynyl substituted with 0-3 rH; 

C3-C8 cycloalkyl substituted with 0-3 rH; 

C6-C10 bicycloalkyl substituted with 0-3 rH; 
0 aryl substituted with 0-3 r12; 

a C6-C14 carbocyclic residue substituted with 0-3 

Rl2. 

a heterocyclic ring system substituted with 0-2 
R^2, composed of 5 to 10 atoms including at least 
^ ^ nitrogen, oxygen or sulfur atom; 

r2A through r4A and r7A through r9A are independently 
selected from the following groups: 

20 hydrogen; 

C1-C4 alkyl substituted with halogen or C1-C2 
alkoxy; 

benzyl substituted with halogen or C1-C2 alkoxy; 

25 rS and r6 are independently selected from the following 
groups : 



hydrogen ; 

Ci-Cg alkoxycarbony 1 ; 
C1-C6 alkylcarbonyl; 
benzoyl; 

phenoxycarbonyl; or 
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phenylaminocarbony; wherein said alkyl residues are 
substituted with 0-3 R^i, and said aryl residues 
are 

substituted with 0-3 r"; or any other group that, 
5 when administered to a mammalian subject, cle.aves 

to form the original diol in which rS and R^ are 
hydrogen; 

Ril is selected from one or more of the following: 

1 0 

keto, halogen, cyano, -NR13r14^ -COaR^^r -0C(=0)r13^ 
-0Rl3, C2-C6 alkoxyalkyl, -S(0)mR"/ -NHC (=NH) NHR13, 
-C(=NH)NHR13, -C("0)NR13r14^ -NRI^q (-0) R"- , 
NR"C(=0)0R14, -OC(=0)NR13r14^ -NR13c (=0) NR13r14^ - 
15 NR14so2NR13r14^ -NR14so2R13, -S02NR13r14^ C1-C4 alkyl, 

C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylmethyl ; 

a C5-C14 carbocyclic residue substituted with 0-3 

20 Rl2; 

aryl substituted with 0-3 Rl2; 

or a heterocyclic ring system substituted with 0-2 
25 r12^ composed of 5 to 10 atoms including at least 

one nitrogen, oxygen or sulfur atom; 



R^^r when a substituent on carbon, is selected from one 
3 0 or, more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, C7-C1O arylalkyl. 



wo 91/18866 



PCr/US91/03852 



alkoxy, -nr13r14^ C2-C6 alkoxyalkyl, C1-C4 
hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, C1-C4 alkoxycarbonyl, Ci- 
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -SCOmR^^, -S02NR13r14^ -NHso2R14; 

or Rl2 may be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- membered ring being 
optionally substituted on the aliphatic carbons with 
halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 
Nr13r14. when Rl2 is attached to a saturated 

carbon atom it may be carbonyl or thiocarbony 1 ; 

1 5 and Ri2, when a substituent on nitrogen, is selected 
from one or more of the following: 



1 0 



20 



25 



phenyl, benzyl, phenethyl, hydroxy, C1-C4 
hydroxyalkyl, Ci-C4 alkoxy, , Ci-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -NR13r14^ C2-C6 
alkoxyalkyl, C1-C4 haloalkyl, C1-C4 
alkoxycarbonyl, Ci-C4 alkylcarbonyloxy, C1-C4 
alky Icarbony 1 , 



Rl3 is H, phenyl, benzyl or Ci-Ce alkyl; 
is H or C1-C4 alkyl; 



30 or r13r14 can join to form (CH2)4, (CH2)5, 
(CH2CH2N(Rl5)CH2CH2) , or (CH2CH2OCH2CH2) ; 



R15 is H or CH3; 
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m is 0, 1 or 2; 

n and are independently 0 or 1; 
5 W and Wl are independently selected from the following: 

-NRi6c(«Q)NRl6-; 
-C(=Q)NR16-; 
-C(=Q)0-; 
10 -NR16c (=Q)0-/ 

-0C(=Q)NRl6-; 
-NRlfiC(«=Q)-'■ 
-C(=Q)-; 
-C(=Q)CH2-' 

1 5 -NR16s02NR16- 

-NR16so2- 
-S02NR16- 
-S02- ; 

-QCH2-; 

2 0 -Q-; 

-(CH2)pNRl6-; 

-CH2CH2-' 

-CH=CH-; 

-CH(OH)CH(OH)-'' 
25 -CH(OH)cH2-'- 

-ChjCHCOH)-; 

-CH(OH)-; 

-NH-NH-; 

-C(=0)NH-NH-; 
3 0 -C(C1)=N-; 

-C (-OR^^)=N-,• 
-C (-NR1Sr17)=n-; 

-OP (-0) (q1r1«)0-; 

-P (=0) <q1r16)0-; 
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10 

-S02NHC(=0)NH-; 

X and Xi are independently selected from the following: 

5 -C(=Q)NRl6-; 

-C(=Q)0-; 
-C(=Q)-; 
-CH2C(=Q)-' 
-CH2C(=Q)CH2-' 
10 -C(-Q)CH2-' 
-S02NR16_ 

-S02-; 

-CH2QCH2-' 

-CH2Q-; 

15 -CH2NRI6-; 

-CH2CH2-' 

-CH=CH-; 

-CH{OH)CH(OH)-'' 

-CH{OH)cH2-'* 
20 -Ch2CH(OH)-; 

-CH(OH)-; 

-C(-0)NH-NH-; 

-C(-0R16)=N-; 

-C(-NRl6Ri7)=N-; 
25 -C(L)-N-; 

Y and Yi are independently selected from the following: 

-C(=Q) NR16-; 
3 0 -(CH2)pC(=Q)NRl6-; 
-S02NR16_. 

-CH2NRI6-; 
-C (L)-N-; 
-C (-0R16)=N-; 
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11 

-C(-NR16r17)»n-; 
-NR12c(=*0)NR16-; 
- (CH2)pNRl2c (=0) NRl6- . 
-0C(=0)NR16_; 
5 -(CH2)pOC(=0)NRl6-; 

R^S is H, benzyl or C1-C4 alkyl; 

Rl*^ is H or C1-C4 alkyl; 

10 

p is 1 or 2; 

Q is selected from oxygen or sulfur; 

15 q1 is selected from oxygen, sulfur, NRl4 or a direct 
bond; 

and pharmaceutically acceptable salts and prodrugs 
thereof. 

20 

There is provided a process to prepare the compound 
of formula I comprising contacting an aldehyde of the 
formula: 




with an aldehyde of the formula: 
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12 




in the presence of Caulton's reagent to form the 
compound of Claim 1 wherein r5 and are H and 
5 optionally contacting one or both of the alcohols with a 
derivatizing agent; 
wherein : 

through R* and r7 through RlO are independently 
selected from the following groups: 

0 

hydrogen ; 

Ci-Cs alJcyl sxibstituted with 0-3 R^; 
C2-C8 alkenyl substituted with 0-3 R^l; 
C3-C8 alJcynyl substituted with 0-3 rH; 
5 C3-C8 cycloalkyl substituted with 0-3 R^-l; 

Ce-CiO bicycloalkyl s\abstituted with 0-3 R^l; 
aryl substituted with 0-3 Ri2; 

a C6-C14 carbocyclic residue stibstituted with 0-3 

Rl2; 

0 a heterocyclic ring system substituted with 0-2 

R^2^ covapoaed. of 5 to 10 atoms including at least 
one nitrogen r oxygen or sulfur atom; 

r2A through r4A and R^A through r9A are independently 
5 selected from the following groups: 



hydrogen; 

C1-C4 alkyl substituted with halogen or C1-C2 
alkoxy; 

benzyl sxabstituted with halogen or C1-C2 alkoxy; 
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13 

r5 and are independently selected from the following 
groups : 

hydrogen; 
5 Ci-Cg alkoxycarbonyl; 

Ci-C6 alkylcarbonyl; 
benzoyl; 

phenoxycarbonyl; or 

phenylcuninocarbony; wherein said alkyl residues are 
1 0 substituted with 0-3 R^^, and said aryl residues 

are 

substituted with 0-3 R^^. qj. any other group that, 
when administered to a mammalian siibject, cleaves 
to form the original diol in which R^ and R^ are 
1 5 hydrogen; 

r11 is selected from one or more of the following: 

keto, halogen, cyano, -Nr13r14, -cOaR^^f -0C(=0)r13, 
20 -0R13, C2-C6 alkoxyalkyl, -S(0)mR"f -NHC (=NH) NHR13, 

-C(=NH)NHR13, -C(=-0)NR^3r1*, -NR^^C (=0) R^^-, 
NR14c(=0)OR14, -OC(-0)NR13r14, -NR^^c (=0) NR^^r^^ r ~ 
NRl4so2NR"Ri'«, -NR1*S02R^3, -S02NR13rM, C1-C4 alkyl, 
C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
25 cycloalkylmethyl; 

a C5-C14 carbocyclic residue substituted with 0-3 
Rl2; 

3 0 aryl substituted with 0-3 R^^; 



or a heterocyclic ring system substituted with 0-2 
r12, composed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom. 
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1 0 



when a substituent on carbon, is selected from one 
or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, C7-C10 arylalkyl, 
alkoxy, -Nr13r14^ C2-C6 alkoxyalkyl, C1-C4 
hydroxyalkyl, methyl enedioxy, ethylenedioxy, C1.C4 
haloalkyl, C1-C4 haloalkoxy, Ci-C4 alkoxycarbonyl, Ci- 
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(0)niRl3, -so2NR13r14^ -NHsosRI*; 

1 5 or Rl2 niay be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- membered ring being 
optionally substituted on the aliphatic carbons with 
halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 

20 NR13R14. or. When r12 is attached to a saturated 

carbon atom it may be carbonyl or thiocarbonyl; 

and Ri2, when a substituent on nitrogen, is selected 
from one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 
hydroxyalkyl, Ci-C4 alkoxy, , Ci-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -nr13r14^ C2-C6 
alkoxyalkyl, C1-C4 haloalkyl, Ci-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl. 



R^3 is H, phenyl, benzyl or Ci-Cs alkyl; 



25 



30 
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15 

R^^ is H or C1-C4 alkyl; 

or r13r14 can join to form (CH2)4, (CH2) 5/ 
5 (CH2CH2N (Rl5)CH2CH2) , or (CH2CH2OCH2CH2) ; 

R^5 is H or CH3; 



10 m is 0, 1 or 2; 

n and n^ are independently 0 or 1; 

W and Wl are independently selected from the following: 

15 

-nr16c(«q)nr16-; 

-C(=Q)NR16_; 

-C(=Q)0-; 

-NR1«C(=Q)0-; 
20 -OC(«=Q)NR^^-; 

-NR16c(-Q)-' 

-C(=Q)-'- 

-C(=Q)CH2-' 

-NR16S02NR16- 
25 -NR16s02" 

-SO2NRI6- 

-SO2-; 

-QCH2-; 
-Q-; 

30 -{CH2)pNRl6-; 

-CH2CH2-' 
-CH=CH-; 



-CH(OH)CH(OH)- 
-CH(0H)cH2-'- 
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16 

-Ch2CH(0H)-; 
-CH(OH)-; 
-NH-NH-; 
-C(=0)NH-NH-; 
5 -C(C1)-N-; 

-C(-NR16r17)=n-; 
-OP (-0) <q1r16)0-; 
-P (=0) (q1r16)0-; 
1 0 -S02NHC (=0) NH-; 



X and Xi are independently selected from the following: 



15 -C(=Q)NRl6-; 

-C(=Q)0-; 

-CH2C(=Q)-; 
-CH2C(-Q)CH2-'* 
20 -C(=Q)CH2-'' 
-S02NRi6- 
-S02-; 
-CH2QCH2-' 
-CH2Q-; 

25 -CH2NRI6-; 

-CH2CH2-' 
-CH-CH-; 

-CH(OH)CH(OH)-; 
-CH(OH) CH2-; 
3 0 -ChjCHCOH)-; 

-CH{OH)-; 
-C(=0)NH-NH-; 
-C(-ORl6)=N-; 
-C (-NR1€r16)=n-; 
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-C (L)-N-. 

y and are independently selected from the following: 

5 -C(-Q)NR16-; 

-(CH2)pC(=Q)NRl«-; 

-S02NR16-; 

-CH2NRI6-; 

-C(L)-N-; 
10 -C (-OR^^) ''H- ; 

-C(-NRl6Ri6)-N-; 

-NR12c(=0)NR16-; 

- <CH2) pNRl^c (-0) NR16-; 

-0C(-0)NR16-; 
15 -(CH2)pOC(-0)NRl6-; 

r1« is benzyl or C1-C4 alJcyl; 

Ri'^ is H or C1-C4 alkyl; 

20 

p is 1 or 2; 

Q is selected from oxygen or sulfur; 

25 L is CI or Br; 

is selected from oxygen, sulfur, NR^* or a direct 
bond ; 

30 and pharmaceutical ly acceptable salts and prodrugs 

thereof. Suitable derivatizing agents include, but are 
not limited to, acyl chlorides or anhydrides, diphenyl 
carbonates, and isocyanates using techniques well known 
to those skilled in the art. 
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A process for preparing an intermediate compound of 
the formula : 

R20 R21 



F 



N3 N3 

^ (III) 

comprising: 

(a) reacting an organometallic derivative Ri^M or 
Rl^M in the presence of copper (I) salts and an ether- 
1 0 containing, aprotic solvent system with a diepoxide of 
the formula : 

R^R21 



(IV) 

5 (b) reacting the product of step (a) of the 

formula : 

R20 R21 



Ria-^^sj/^^y^R^s 
HO OH 

(V) 

20 

with r22r23r24p a^d C1-C6 dialkyl azodicarboxylate in the 
presence of an azide anion and an aprotic organic 
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solvent generally at a temperature between -20 to lOCC; 
wherein : 

and r19 are independently C2-Ce alkyl, 
5 C3-C8 cycloalkyl substituted with 0-3 r25/ 

a C6-C10 carbocyclic aromatic residue^ for 
example phenyl or naphthyl, substituted with 0-3 
r26; 

a heterocyclic ring system substituted with 0-2 
10 r2 6^ composed of 5 to 10 atoms including at 

least one nitrogen, oxygen or sulfur atom; for 
example, pyridyl, pyrimidinyl, furanyl, thienyl, 
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 
benzofurauiyl, benzothiophenyl, indolyl, 
1 5 indolenyl, quinolinyl, isoquinolinyl or 

benzimidazolyl, piper idinyl, pyrrolidinyl, 
pyrrolinyl, tetrahydrofuranyl, 

t e t r ahy dr oquino 1 iny 1 , t et r ahy dr oisoquinolinyl, 
decahydroquinolinyl or octaUiydroisoqpainolinyl; 
20 r25 is selected from one or more of the 

following 
groups : 

keto, halogen, r27r28n^ C02R2'7, OCOaR^^, or27, 
S(0)nR27, NHC(=NH)NHr27, C(=NH)NHr27, 
25 C(-0)NHr27, or cyano; C3— Ce cycloalkyl 

substituted with 0-3 r25/ 

a Cg-Cio carbocyclic aromatic residue, for 
example phenyl or naphthyl, substituted with 0-3 
r26. 

3 0 a heterocyclic ring system sxjbstituted with 0-2 

r2 6, composed of 5 to 10 atoms including at 
least one nitrogen, oxygen or sulfur atom; for 
example, pyridyl, pyrimidinyl, furanyl, thienyl, 
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl. 
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benzofuranyl, benzothiophenyl, indolyl, 
indolenyl, quinolinyl, isoquinolinyl or 
benzimidazolyl, piperidinyl, pyrrolidinyl, 
pyrrolinyl, tetraOiydrofuranyl, 
5 tetrahydroquinolinyl, tetrahydroisoquinolinyl, 

decahydroquinolinyl or octahydroisoquinolinyl; 
r2 6 is selected from one or more of the 
following groups : 

""^ phenyl, phenoxy, benzyloxy, halogen, hydroxy, 

nitro, cyano, C1-C4 alkyl, Ci-C4 alkoxy, C2-C6 
alkoxyalkyl,methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, Ci-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 

""^ alkylcarbonyl, alkylaulfonyl, S02Nr27r28^ and 

R27so2NH; 

r20 and r21 are independently H, Ci-Cg alkyl, a Ce- 
Cio carbocyclic aromatic residue, for example 
phenyl or naphthyl, substituted with 0-3 r2 6, or 
^° alkyl substituted with a Ce-Cio carbocyclic 

aromatic residue, for example phenyl or 
naphthyl, substituted with 0-3 r26; 
M is lithium or magnesium; 

r22, r23 and r24 are independently phenyl or Ci-Cg 
25 alkyl. 

Also provided by this invention are the 
intermediates of Formula III, IV, and V. 

A process for the preparation of saturated 3-7 
membered nitrogen containing heterocycles, comprising, 
30 carrying out an intramolecular Mitsunobo reaction on a 
precursor molecule containing a protected nitrogen atom 
and a hydroxyl group separated by 2-6 atoms. 

A process for preparing an intermediate compound of 
the formula: 
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21 




comprising, carrying out an intramolecular Mitsunobu 
5 reaction on a compound of the formula: 




wherein: Z is COOCH2Ph. A process for preparing a 
1 0 compound of formula : 




(I) 



1 5 comprising: 

(a) preparation of the required catalyst by 
mixing VCI3 (THF)3 with freshly prepared zinc-copper 
couple under strictly anhydrous, deoxygenated conditions 
in an, aprotic solvent at room temperature; and 

20 

(b) reacting the product of step (a) with an 
aldehyde of formula (1) in an aprotic solvent at -78°C- 
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lOCc where the ratio of zinc-copper couple: VCI3 
(THF)3: aldehyde is 1-3:1-3:1. 

There are provided methods for treatment of viral 
infections which comprises administering to a host in 
need of such treatment a pharmaceutically effective 
antiviral amount of the compound of the following 
formula : 



1 0 



1 5 



20 



25 




(I) 

wherein : 

through and through RlO are independently 
selected from the following groups: 

hydrogen; 

C1-C8 alkyl substituted with 0-3 R^i; 
C2-C8 alJcenyl substituted with 0-3 R^l; 
C3-C8 alkynyl substituted with 0-3 R^i; 
C3-C8 cycloalkyl substituted with 0-3 R^^; 
C6-C10 bicycloalkyl substituted with 0-3 rH; 
aryl substituted with 0-3 r12. 

a C6-C14 carbocyclic residue substituted with 0-3 
Rl2; 

a heterocyclic ring system sxabstituted with 0-2 
lO-^f composed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 



r2A through r4A and r7A through r9A are independently 
3 0 selected from the following groups: 



^° PCr/US9,/038S2 



hydrogen; 

C1-C4 alkyl substituted with halogen or C1-C2 
alkoxy; 

5 benzyl substituted with halogen or C1-C2 alkoxy; 

r5 and r6 are independently selected from the following 
groups : 

1 0 hydrogen; 

Ci-Cg alkoxycarbonyl; 
C1-C6 alkylcarbonyl; 
benzoyl; 

phenoxycarbonyl ; or 
1 5 phenylaminocarbony; wherein said alkyl residues are 

substituted with 0-3 rH, and said aryl residues 
are 

substituted with 0-3 r". or any other group that, 
when administered to a mammalian subject, cleaves 
to form the original diol in which rS and R^ are 
hydrogen; 



20 



R^^ is selected from one or more of the following: 

25 keto, halogen, cyano, -NR13r14, ~c02R^^, -OC(=0)r13, 

-0Rl3, C2-C6 alkoxyalkyl, -S(0)mRl3, -NHC (=NH) NHR13, 
-C(-NH)NHRl3, -C(-0)NR"r14^ -NR^^C (-0) R^^-, 
NR14c{-0)OR14, -OC(=0)NR13r14^ -NRI^C (-0) NR13r14, - 
NR14s02NR13r14, _NR14so2R13, -S02NR13r14, C^-C4 alkyl, 
C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylmethyl ; 



30 



a C5-C14 carbocyclic residue substituted with 0-3 
Rl2; 
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aryl substituted with 0-3 r12. 

or a heterocyclic ring system substituted with 0-2 
5 r12, composed of 5 to 10 atoms including at least 

one nitrogen, oxygen or sulfur atom; 

Ri2^ when a substituent on carbon, is selected from one 
10 or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl,C7-Ci0 arylalkyl, 
15 alkoxy, -nr13r14^ C2-C6 alkoxyalkyl, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, C1-C4 alkoxycarbonyl , Ci- 
C4 alkylcarbonyloxy, CX-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(0)niR^3^ -S02NR13r14, -NHS02R14; 

20 

or Ri2 may be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- merabered ring being 
optionally substituted on the aliphatic carbons with 
25 halogen, C1-C4 alkyl, Ci-C4 alkoxy, hydroxy, or 

NR13r14. or, when r12 ig attached to a saturated 
carbon atom it may be carbonyl or thiocarbonyl; 

and Ri2^ when a substituent on nitrogen, is selected 
30 from one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 
hydroxyalkyl, C1-C4 alkoxy, , C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -NR13r1*, Ca-Cg 
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alkoxyalkyl, C1-C4 haloalkyl, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl; 

5 

is phenyl, benzyl or Ci-Ce alkyl; 

is H or C1-C4 alkyl; 

10 or r13r14 can join to form (CH2)4, (CH2)5, 
(CH2CH2N(Rl5)CH2CH2), Or (CH2CH2OCH2CH2) ; 

R15 is H or CH3; 
1 5 m is 0, 1 or 2; 

n and n^ are independently 0 or 1; 

w and Wl are independently selected from the following: 

20 

-NRl6C(-Q)NRl6-; 
-C(»Q)NRl6-; 
-C(-Q)0-; 
-NR16c<-Q)0-; 
25 -0C(-Q)NR16-; 

-NR16c(=Q)-; 

-c(=Q)-; 

-C(=Q)CH2-'' 
-NRI6SO2NRI6- 
3 0 -NR16S02- 
-SO2NRI6- 

~so2-; 

-QCH2-; 

-Q-; 
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-(CH2)pNRl6-; 

-CH2CH2-' 

-CH-CH-; 

-CH{OH)CH(OH)-'* 
5 -CH(OH)cH2-'' 

-ChjCHCOH)-; 

-CH(OH)-; 

-NH-NH-; 

-C(=0)NH-NH-; 
10 -C(C1)«N-; 

-C(-0R16)=N-; 

-C(-NR16r17)„jj-; 

-OP {=0) (q1r16)0-; 

-P(=0) (q1r16)0-; 
1 5 -SO2NHC (=0 ) NH- ; 



X and xl are independently selected from the following: 



20 -C(=Q)NRl6_; 

-C(-Q)0-; 

-C(-Q)-; 

-CH2C(-Q)-; 

-CH2C(«-Q)CH2-'" 
25 -C(-Q)CH2-'' 

-SO2NRI6- 

-SO2-; 
-CH2QCH2-' 
-CH2Q-; 
30 -CH2NRI6-; 

-CH2CH2-' 
-CH-CH-; 

-CH(OH)CH(OH)- 
-CH(0H)cH2-' 
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-ChjCH (OH)-; 

-CH{OH)-; 

-C (=0)NH-NH-; 

5 -C(-NR1€r17)_j,-; 
-C(L)-N-; 

Y and are independently 

10 . -C(=Q)NRl6-; 

-(CH2)pC(=Q)NRl6-; 

-SO2NRI6-; 

-CH2NR1€-; 

-C(L)»N-; 
15 -C(-0Rl6)=N-; 

-C(-NR16r1"7)«n-; 

-NR12c(=0)NR1«-; 
- (CH2) pNRl2c (=0) NRl6 

-OC(-0)NRl«-; 
20 -(CH2)pOC{=0)NRlS_; 



R^^ is H, benzyl or C1-C4 
25 R3-7 is H or Ci-C4 alkyl; 
P is 1 or 2; 

Q is selected from oxygen 

30 

L is CI or Br; 



27 



selected from the following: 



alkyl ; 



or sulfur; 



is selected from oxygen, sulfur, NR^^ or a direct 
bond; 
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and pharmaceutically acceptable salts and prodrugs 
thereof. 

PREFERRRn FMwnn rvq;;]^'!^*:^ 
Compounds preferred for use in the method of this 
invention include the following: 




and Rio are independently selected from the following: 
hydrogen; 

Ci-Ce alkyl substituted with 0-2 R^i; 
C2-C4 alkenyl substituted with 0-2 R^i; 
C3-C6 cycloalkyl substituted with 0-2 R"; 
C6-C10 bicycloalkyl substituted with 0-2 R^i; 
aryl substituted with 0-3 Ri2; 

a C6-C14 carbocyclic residue substituted with 0-2 
Rl2. 

a heterocyclic ring system substituted with 0-2 
r12^ con^josed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 

5 r3 and r8 are independently selected from the following 
groups : 



15 



20 



30 



hydrogen; 

C1-C5 alkyl substituted with 0-2 R^i; 
C2-C4 alkenyl s\ibstituted with 0-2 R^i; 
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C3-C6 cycloalkyl siabst ituted with 0-2 R^^; 

with the proviso that the total number of non- 
hydrogen atoms comprising r3 is less than or equal 
5 to 6, and the total number of non-hydrogen atoms 

comprising r8 is less than or equal to 6; 

r4 and r'' are independently selected from the following 
groups : 

10 

hydrogen ; 

C1-C4 alkyl substituted with 0-3 R^l; 
C2-C3 alkenyl sxibstituted with 0-3 rH; 

1 5 r3A^ r4A^ r7A and R^A aj-e independently selected from 
the following groups : 

hydrogen; 
C1-C2 alkyl; 

20 

r5 and R^ are independently selected from the following 
groups : 

hydrogen, or any other group that, when 
25 administered to a meunmalian sxibject, cleaves to 

form the original diol in which r5 and R^ are 
hydrogen; 

R^^ is selected from one or more of the following: 

30 

keto, halogen, cyano, -NR13r14^ ~C02^^K -0C{-0)R^^, 
-0R13, C2-C6 alkoxyalkyl, -S(0)niR^^f -NHC (=NH) NHR13, 
-C(=NH)NHR13, -C(-0)NR13r14, -NR^^C (=0) R^^-, 
NRI^C (=0)0R14, -OC(»0)NR13r14, NR13c (=0) NR13r14 ^ - 
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NR14s02NR13r14^ -NRI^sojR", -S02NR13r14^ C1-C4 alkyl, 

C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylmethyl ; 

a C5-C14 carbocyclic residue sxibstituted with 0-3 
Rl2; 

aryl substituted with 0-3 R^2. 

or a heterocyclic ring system siabstituted with 0-2 
r12^ composed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 



Rl2, when a substituent on carbon, is selected from one 
or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, C7-C10 arylalkyl, 
alkoxy, -nr13r14^ C2-C6 alkoxyalkyl, C1-C4 
hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, Ci-C4 alkoxycarbonyl, Ci- 
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci-C4 
alkyl carbonylamino, -S(0)niR"r -S02NR13r14, -nhs02R14. 

or Ri2 may be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- membered ring being 
optionally substituted on the aliphatic carbons with 
halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 
Nr13r14. when r" is attached to a saturated 

carbon atom it may be carbonyl or thiocarbonyl; 
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and r12, when a substituent on nitrogen, is selected 
from one or more of the following: 

benzyl, hydroxy, C1-C4 alkoxy, C1-C5 hydroxyalkyl, 
5 C1-C4 alkyl, C3-C6 cycloalkyl, C3-C6 

cycloalkylmethyl, Ci-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

is benzyl or C1-C4 alkyl; 

1 0 

Rl4 is H or C1-C4 alkyl; 

or r13r14 can join to form {CH2)4, (CH2) 5, 
(CH2CH2N<Rl5)CH2CH2), or (CH2CH2OCH2CH2) ; 

15 

R^S is H or CH3; 
m is 0, 1 or 2; 

20 w and Wl are independently selected from the following: 

-NR1«C(=Q)NR16-/ 
-C(-Q)NRl6-.. 

-OC("Q)NRl6-; 

25 -nr16so2Nr16- 

-S02NR3-6- 

-(CH2)pNRl6-; 

-P (=0) (Q1r16)0-; 

-S02NHC(=0)NH-; 

30 

Y and are independently selected from the following: 



-C(=Q)NRl6- 
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-NRl2c(=0)NRl6-; 
-0C(=»0)NRl6-; or 
-(CH2)pNRl3-; 

5 Ri6 is H or C1-C2 alJcyl; 
R^'' is H or C1-C2 alkyl; 
p is 1 or 2; 

1 0 

Q is selected from oxygen or sulfur; 

q1 is selected from oxygen, sulfur, NRl4 a direct 
bond; 

15 

and pharmaceutically acceptable salts and prodrugs 
thereof . 

More preferred for greater activity and/or ease of 
20 synthesis is a compound of Formula I, wherein: 




Ri and RiO are independently selected from the following: 

25 

hydrogen; 

C1-C6 alkyl substituted with 0-1 R^^. 
C2-C4 alkenyl substituted with 0-1 R^^; 
aryl substituted with 0-1 r19; 
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20 



a heterocyclic ring system, substituted with 0-1 
Ri9. selected from pyridyl, pyrimidinyl, furanyl, 
thienyl, pyrrolyl, pyrazolyl, imidazolyl, 
tetrazolyl, benzofuranyl, benzothiophenyl, indolyl, 
indolenyl, quinolinyl, isoquinolinyl, 
benzimidazolyl, piperidinyl, 
pyrrolidinyl, tetrahydrofuranyl, 

tetrahydroquinolinyl, tetrahydroisoquinolinyl, or 
decahydroisoquinolinyl ; 

wherein Ri8 ig chosen from the following group: 



keto, halogen, cyano, -Nr13r14, -COzR^^, - 
0C(-0)Ri3, -OR", C2-C6 alkoxyalkyl, -S(0)mR". 

"•5 -NHC(«NH)NHRl3, -C (-0) NR13r14, -NR14c (=0) R"-, 

NR14C(«0)0R14, -OC(=0)NR13r14, NR13c (=0) NR13r14^ 
-NR14so2NR13r14, _nr14s02R13, -S02NR13r14^ C1-C4 
alkyl, C2-C4 alkenyl, or C3-C6 cycloalkyl; 



a C5-C14 carbocyclic residue substituted with 
0-3 Rl9; 



aryl substituted with 0-2 R^S; 



25 or a heterocyclic ring system substituted with 0-2 

R^5, selected from selected from pyridyl, 
pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, 
imidazolyl, tetrazolyl, benzofuranyl, 
benzothiophenyl, indolyl, indolenyl, quinolinyl, 

30 isoquinolinyl, benzimidazolyl, piperidinyl, 

pyrrolidinyl, tetrahydrofuranyl, 

tetrahydroquinolinyl, tetrahydroisoquinolinyl, or 
decahydroisoquinolinyl ; 
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Wherein Rl9, when a substituent on carbon, is 
selected from the following: 

halogen, hydroxy, nitro, cyano, methyl, methoxy, 
5 -Nr13r14^ C1-C4 haloalkyl, C1-C2 alkoxycarbonyl, 

C1-C2 alkylcarbonyloxy, Ci-C2 
alkylcarbonylamino, -S02NR13r14, or -NHS02R^^; 

and r19, when a substituent on nitrogen, is 
1 0 C1-C4 alkyl; 

r3 and r8 are independently selected from the following 
groups : 

1 5 hydrogen; 

C1-C5 alkyl substituted with 0-3 halogen or 0-1 
r20; 

C2-C4 alkenyl substituted with 0-3 halogen or 0-1 
r20; 

20 C3-C6 cycloalkyl substituted with 0-3 halogen or 0- 

1 r20; 

Wherein r20 is selected from the following groups: 

25 keto, amino, methylamino, dimethylamino, - 

C(«=0)MH2, C(=0)NMe2, C(-0)NHMe, or C3-C5 
cycloalkyl; 



30 



with the proviso that the total nxamber of non- 
hydrogen atoms comprising r3 is less than or equal 
to 6, and the total niomber of non-hydrogen atoms 
comprising R^ is less than or equal to 6; 
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r4 and r7 are independently selected from the following 
. groups : 

Cx-C4 alkyl substituted with 0-3 halogen or 0-1 
R21, wherein R21 is selected from the following 
groups : 



keto, halogen, cyano, -NR13r14^ _co2R^3^ _ 
0C(=0)Rl3, -Or13, C2-C4 alkoxyalkyl, - 
S(0)niRl3, -C3-C6 cycloalkyl; 

a C5-C10 carbocyclic residue substituted with 
0-1 r22. 



1 5 aryl substituted with 0-1 r22 . 

or a heterocyclic ring system, substituted 
with 0-1 r22^ selected from pyridyl, thienyl, 
indolyl, piperazyl, N-methylpiperazyl, or 
20 imidazolyl; 

Wherein r22 is selected from one or more of 
the following groups : 

25 benzyl, benzyloxy, halogen, hydroxy, 

nitro, Ci-C4 alkyl, C1-C4 alkoxy, amino, 
methylamino, dimethylamino, haloalkyl, 
haloalkoxy, -C(-0)2R^*/ or -0C(02)Ri^; 



30 

r3A^ r4A^ r7A and r8A are hydrogen; 

r5 and r6 are independently selected from the following 
groups : 
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hydrogen, or any other group that, when 
administered to a mammalian subject, cleaves to 
form the original diol in which rS and are 
5 hydrogen ; 

Rl3 and r14 are independently selected from H or C1-C2 
alkyl ; 

10 m is 0, 1 or 2; 

n and n^ are 0; 

W and Wl are independently selected from the following: 

15 

-nr16c(=q)nr16-; 

-C(-0)NR16-; 

-0C(-0)NR16-; 

-(CH2)pNRl6-; 

20 

Y and Yl are independently selected from the following: 

-C(=0)NRl6-; 
25 -NR12c(=0)NR16-; 

-0C(«0)Nr16_. qj. 
-(CH2)pNRl6-; 

R^^ is H or methyl; 

30 

p is 1 or 2; 



Q is selected from oxygen or sulfur; 
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and pharmaceutically acceptable salts and prodrugs 
thereof. 



Specific examples of compounds useful in various 
embodiments of the invention include compounds of the 
formula : 

a) (S,R,R,S)-N-[4-[ r (1, 1- 
dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy — 
5- (IH-pyrrol-l-yl) -1- [ (lH-pyrrol-1- 
y 1 ) methyl ] pent y 1 ] -N2-f ormyl-L-valinamide 

b) (S,R,R,S)-N-[4-[[(l,l- 
dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
-5-phenyl-l- (phenylmethyl)pentyl] -N2- [ [N- [ (IH- 
benz imidazol-2-yl ) methyl ] - 
-N-methylamino] carbonyl] -L-valinamide 

20 c) (S,R,R,S)-N-[4-[ [ (1,1- 

diraethylethoxy) carbonyl] amino] -2 , 3-dihydroxy- 
-5- (4-pyridinyl) -1- (4-pyridinylmethyl) pentyl] - 
N2-f ormyl-L-valinamide 

25 d) tS,R,R,S(2S*,3S*) ]-(l,l-dimethylethyl) [2,3- 

dihydroxy-4- [ (3-hydroxy- 
-4-methoxy-2- (1-methylethyl) -1- 
oxobutyl] amino] -5- {4-pyridinyl) -1- 
- (4-pyridinylmethyl ) pentyl ] carbamate 



10 



15 



30 



e) (S,R,R,S)-N-[4-[ [ (1, 1- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
5 — (4-pyridinyl) -1- (4-pyridinylmethyl) pentyl] - 
N2- [ (phenylmethoxy) carbonyl] - 
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-L- val inamide 

f) (S,R,R,S)-N2-tCl- 

(dimethylamino) cyciopropyl] carbonyl]-N- [4- 
[ [ (1, 1-dimethyl-ethoxy) carbonyl] amino] -2, 3- 

dihydroxy-5-phenyl-l- (phenylmethyl) pentyl] -N- 

-L-valinamide 

g) (S,R,R,S)-N-[4-[[(l,l- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
1 — (phenylmethyl) hexyl] -N2- (N-methyl-L- 
alanyl) -L-valinamide 

h) (S,R,R,S)-(l,l-dimethyletliyl) [4-t[[2- 

[ (dimethylamino) methyl] -IH — imidazol-5- 
yl] carbonyl] amino] -2, 3-dihydroxy-5-phenyl-l- 
(phenylmethyl) -pentyl] carbamate 

i) (S,R,R,S)-N2-[ [[2- 

[ (dimethylamino) carbonyl ] phenyl ] raethoxy] carbon 
yl]-N— [4-[[(l,l- 
dimethylethoxy) carbonyl] amino] -2 , 3-dihydroxy- 
5-phenyl-l — (phenylmethyl) pentyl] -L-valinamide 

j) (S,R,R,S)-N,N'-[2,3-dihydroxy-l,4- 
bis (phenylmethyl) -1, 4-butanediyl] - 
bis tN2- (4-aminobenzoyl) -L-valinamide] 

k) (S^R,R,S)-N2-[ ( [4- 

( dimethylamino) phenyl] methoxy] carbonyl] -N- [4- 
[ C (1, 1 — dimethylethoxy) carbonyl] amino] -2, 3- 
dihydroxy-5-phenyl-l- (phenylmethyl) - 
•pentyl] -L-valinamide 
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1) (S/R,R,S)-N2-[t[4- 

[ (dimethylamino) methyl] phenyl]inetlioxy] carbonyl 
] -N — [4- [ [ (1, 1-dimethylethoxy) carbonyl] amino] - 
2, 3-dihydroxy-5-phenyl-l- 
5 - (phenylmethyl) pentyl] -L-valinamide . 

The compounds herein described may have asymmetric 
centers. All chiral, diastereomeric and racemic forms 
are included in the present invention. Many geometric 
1 0 isomers of olefins, C=N double bonds, and the like can 
also be present in the compounds described herein, and 
all such stable isomers are contemplated in the present 
invention . 

When any variable (for example, through R^^, r2A 
15 through r9A^ p, Q, W, X, Y, Z, etc.) occurs more 

than one time in any constituent or in formula (I) , its 
definition on each occurrence is independent of its 
definition at every other occurrence. Also, 
combinations of sxibstituents and/or variables are 
20 permissible only if such combinations result in stable 
compounds . 

As used herein, "alkyl" is intended to include both 
branched and straight-chain saturated aliphatic 
hydrocarbon groups having the specified number of carbon 

25 atoms; "alkoxy" represents an alkyl group of indicated 
number of carbon atoms attached through an oxygen 
bridge; "cycloalkyl" is intended to include saturated 
ring groups, such as cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl; and 

3 0 "biycloalkyl" is intended to include saturated bicyclic 
ring groups such as [3 .3 . OJbicyclooctane, [4.3.0] 
bicyclononane, [4 . 4 . O]bicyclodecane (decalin) , 
[2 .2 .2]bicyclooctane, and so forth. "Alkenyl" is 
intended to include hydrocarbon chains of either a 



wo 91/18866 



PCr/US91/03852 



40 

straight or branched configuration and one or more 
unsaturated carbon-carbon bonds which may occur in any 
stable point along the chain, such as ethenyl, propenyl 
and the like; and "alkynyl" is intended to include 
5 hydrocarbon chains of either a straight or branched 

configuration and one or more triple carbon-carbon bonds 
which may occur in any stable point along the chain, 
such as ethynyl, propynyl and the like. "Halo" as used 
herein refers to fluoro, chloro, bromo and iodo; and 

1 0 "counterion" is used to represent a small, negatively 
charged species such as chloride, bromide, hydroxide, 
acetate, sulfate and the like. 

As used herein, "aryl" or "aromatic residue" is 
intended to mean phenyl or naphthyl; "carbocyclic" is 

1 5 intended to mean any stable 5- to 7- membered monocyclic 
or bicyclic or 7- to 14-membered bicyclic or tricyclic 
carbon ring, any of which may be saturated, partially 
unsaturated, or aromatic. 

As used herein, the term heterocycle is intended to 

20 mean a stable 5- to 7- membered monocyclic or bicyclic 
or 7- to 10-membered bicyclic heterocyclic ring which 
is either saturated or unsaturated, and which consists 
of carbon atoms and from 1 to 3 heteroatoms selected 
from the group consisting of N, O and S and wherein the 

25 nitrogen and sulfur heteroatoms may optionally be 
oxidized, amd.the nitrogen may optionally be 
quaternized, and including any bicyclic group in which 
any of the above-defined heterocyclic rings is fused to 
a benzene ring. The heterocyclic ring may be attached 

3 0 to its pendant group at any heteroatom or carbon atom 
which results in a stable structure. The heterocyclic 
rings described herein may be substituted on carbon or 
on a nitrogen atom if the resulting compound is stable. - 
Examples of such heterocycles include, but are not 
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limited to, pyridyl, pyriroidinyl, furanyl, thienyl, 
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 
benzofuranyl, benzothiophenyl, indolyl, indolenyl, 
quinolinyl, isoquinolinyl or benzimidazolyl, 
piperidinyl, 4-piperidonyl, pyrrolidinyl, 2- 
pyrrolidonyl, pyrrolinyl, tetrahydrof uranyl, 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, 
decahydroquinolinyl or octahydroisoquinolinyl . The term 
"sxjbstituted", as used herein, means that an one or more 
hydrogen on the designated atom is replaced with a 
selection from the indicated group, provided that the 
designated atom's normal valency is not exceeded, and 
that the substitution results in a stable compound. 

By "stable compound" or "stable structure" is meant 
herein a compound that is sufficiently robust to 
survive : 

isolation to a useful degree of purity from a 
reaction mixture, and formulation into an 
efficacious therapeutic agent. 
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DETAILED nK.SrRTPTTOW n ir TKHnr^TjON 

Svnf hf>gS Q 

Compounds of formula (I) are synthesized according 
5 to the procedures discussed below. m addition to 

disclosing known methods for the preparation of these 
compounds, the present invention provides several novel 
processes for their synthesis. The first of these is an 
improved process for the preparation of compounds of 

10 formula (I) via the reductive coupling of aldehydes. A 
second is the stereoselective synthesis of compounds of 
formula (I) via a modified coupling method. A. third is 
the stereospecific synthesis of compounds of formula (I) 
from mannitol. The present invention also provides 

1 5 novel processes for the preparation of key intermediates 
used in the mannitol route. 

Redur.tivf> PonnUn^ ^-F AiHoKYflrn 

A preferred method for the preparation of 
compounds of formula (I) is the reductive coupling of 
aldehydes. This method utilizes a catalyst which 
contains vanadium ( II ) ; however, other low valent metals 
(such as titanium and samarium) and pinacol reagents 
(such as magnesium) can also be used with advantage. It 
is based on a process disclosed by Pederson at al. for 
the preparation of diols. Freudenberger, J. H.; 
Konradi, A. W.; Pedersen, S. F., j. An. Chem. Soc. 
1989, 211, 8014; and Konradi, A. W.; Pedersen, S. F., 
J-, Org. Chem. 1990, 55, 4506.^ The preferred catalyst 
is Caulton's Reagent, [V2CI3 (THF) [ZN2CI6] . 
Preparation of this reagent has been disclosed. Bouma 
fit al. Inorg. Chem., 23, 2715-2718. The process is 
shown in Scheme I. 



20 



25 
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(1) (2) 



[V2Cl3(THF)6]2[Zn2Cl6] 




(I) 

Scheme I: Coupling of aldehydes with Caulton ' s 
reagent . 

5 In the operation of this process, an aldehyde of Formula 
(1) and an aldehyde of Formula (2) are reacted, in a 
solvent, in the presence of Caulton 's Reagent to give a 
corapo\and of -Formula (I) where rS, r6 » h. Many of the 
compounds of formula (I) are available through the 

1 0 operation of the process of Pederson fit a-L. on the 

corresponding aldehydes. However, the improved process 
for the reductive coupling of aldehydes, discussed 
below, is preferred over the method of Pederson fit al . 
ImProvftd Process for the Rt>diir!l-wf* Coupling of AlH^hyH^c; 

1 5 Another aspect of the present invention is an 

improvement of the process disclosed by Pederson fit sSL- 
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for the preparation of 1, 4-diamino-2, 3-diols . The 
improvement results in a process which is easier to 
operate than that of Pederson £t Al., affords reagents 
of higher quality and reliability than those of the 
5 method of Pederson at al., and results in a higher yield 
of product than that obtained by Pederson sL. al. 

In practicing the improved reductive coupling 
process of the present invention^ the catalyst is 
prepared by placing VCI3 (THF) 3 in a dry, oxygen-free 

10 flask. Zinc-copper couple is then added and the two 
solids are stirred vigorously. An organic solvent is 
then added and the mixture is stirred for about 10 
minutes, resulting in a deep green solution and black 
suspension. Next, a solution of the aldehyde in the 

1 5 same solvent as that used for the catalyst, is added to 
the catalyst over 2-3 minutes. The progress of the 
reaction is monitored by Thin Layer Chromatography 
(silica gel with 50% hexane/ethyl acetate as eluent) 
until it is determined that the reaction is over. The 

20 reaction mixture is then subjected to an aqueous work-up 
and, if necessary, the product obtained is further 
purified. 

The zinc-copper couple utilized in the improved 
process is prepared following a known procedure, except 
25 that filtration with schlenkware was used instead of 
decanting solvent. L. Fieser and M. Fieser, Reaaftnt-s 
for Organ gy^f tipfjj ^ , Volume I, pp. 1292-1293, 
Wiley, New York, 1967. The use of a glovebag or drybox 
instead of schlenkware would be equally satisfactory. 
The solvents used for the preparation of this reagent 
are sparged with argon for about 30 minutes before use. 
The zinc-copper couple obtained is in the form of a 
free-flowing black powder with a few cliamps. The zinc- 
copper couple prepared in this way is superior to 
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conimercially obtained or activated zinc dust. This 
material reduced V(III) to V(II) in dichloromethane 
within 10 minutes, whereas the use of commercial zinc 
dust or activated zinc required several hours and 
frequently did not provide the color change, described 
above, which is characteristic of complete reduction. 

The improved reductive coupling process operates 
over a temperature range of from -78* to lOCC. The 
preferred range is from 0** to 40**C. The most preferred 
range is from 15" to 25*'C. 

The use of a solvent is required in practicing the 
improved reductive coupling process. It is anticipated 
that any polar, aprotic solvent will be useful. 
Preferred solvents are hydrocarbons, halogenated 
hydrocarbons and ethers. Particularly preferred are 
halogenated hydrocarbons such as dichloromethane and 
dichloroethane . 

The improved reductive coupling process may be run 
over a time period of 0.1 to 24 hours. It is usually 
run over the time period of 0.3 to 2 hours. However, as 
expressed above, in practice it is most desirable to 
moniter the progress of the reaction by thin layer 
chromatography . 

In practicing the improved reductive coupling 
process, it is important that the glassware and reagents 
be dry and free of reactive gases such as oxygen and 
carbon dioxide. Also, moisture, oxygen and carbon 
dioxide should be rigorously excluded from the reaction 
as it is carried out. To accomplish this, it is 
desirable to perform the reaction under an atmosphere of 
argon or nitrogen. It is desirable that the aldehyde (s) 
utilized in the improved reductive coupling process be 
freshly prepared or purified prior to use. 
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The molar ratio of each reagent is also important. 
The process operates where the ratio of zinc-copper 
couple :VCl3(THF) 3 raldehyde is 1-3:1-3:1 respectively. 
The preferred ratio of reagents is 1-1.5:2-2.5:1. The 
most preferred ratio is 1-1.2:2-2.2:1. 

The preferred reagents for the aqueous work-up step 
of the improved reductive coupling process is 10% 
disodium tartrate. If the product does not contain an 
acid-sensitive functionality IN HCl may be used. 

If necessary, the 1, 4-diamino-2, 3-dihydroxybutanes 
obtained from the improved reductive coupling process 
can be further purified by recrystallization or 
chromatography or any method commonly used in organic 
synthesis . 



Another aspect of the present invention is a method 
for the stereoselective preparation of compounds of 
formula (1) via a modification of the method of Pederson 
St. ai. The reductive coupling of an aldehyde using the 
disclosed procedure of Pederson fit ai. can be expected 
to produce a number of stereo isomers. 



OH y 

Caulton'3 Reagent^ X^^^-^-^^^* N 




N 
I 

" OH 



Thus, if an aldehyde, such as depicted in the equation 
above, with s configuration at the one stereo center is 
used as the substrate in this reaction, three stereo 
isomers can be expected to form: (Is, 2s, 3s, 4s) , 
(ls,2r,3r,4s) , and (Is, 2r, 3s, 4s) . One aspect of the 
present discovery is the surprising observation that 
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under certain reaction conditions, e.g., changing the 
reaction solvent, one of these isomers is selectively- 
produced. In addition, the isomer selectivity can be 
controlled by changing the reaction conditions. This is 
5 useful because, even though it is believed all isomers 
have some level of activity in inhibiting viral 
protease, certain isomers are more effective, and this 
aspect of the present invention allows for the selective 
preparation of the more desirable isomer.. 
1 0 The practice of this aspect of the invention 

involves using a modified version of the reductive 
coupling method described by Pederson sX^ ai. The usual 
method to carry out the reductive coupling of aldehydes 
in the presence of Caulton ' s reagent is to add the 
1 5 reagent under inert atmosphere to a solution of the 
aldehyde in a nonpolar halocarbon solvent, usually 
dichloromethane . This procedure produces predominantly 
the (ls,2r,3r,4s) isomer. However, if a polar, non- 
protic solvent such as diraethylforraamide ( DMF ) is 
20 added to the aldehyde solution, before the addition of 
Caulton 's reagent, the predominant isomer is the 
(Is, 2s, 3s, 4s) isomer. Pederson et al . ^ J. Am. Chem. 
Soc, 1989, 111, 8014-8016, reports the use of Caulton' s 
reagent for reductive coupling of aldehydes. 

25 

Deriva1^^T■at^^Qn of ^>^n^« 

optionally, after carrying out any of the above 
described coupling reactions, the product diol (formula 
(I), r5, r6 = H) can then be converted to a derivative 
3 0 (r5 not equal to H, r6 = H; R« not equal to H, r5 = H; or 
r5 and R^ not equal to H) by contacting the diol product 
with a derivatizing agent in the presence of a suitable 
base. The monofunctionalized compounds (e.g., r5= h, R^ 
not equal to H) can be prepared by employing less than 
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or equal to one molar equivalent of derivatizing agent; 
and the difunctionalized compounds (r5, r€ not equal to 
H) can be prepared by employing more than two molar 
equivalents of derivatizing agent. Suitable 
derivatizing agents include, but are not limited to, 
acyl chlorides or anhydrides, diphenyl carbonates, and 
isocyanates using techniques well known to those skilled 
in the art. Suitable bases are organic and inorganic 
bases including, but not limited to, aliphatic amines, 
heterocyclic amines, metal carbonates and metal 
hydrides . 



It is anticipated that all aldehydes will work 
equally well in the process shown in Scheme I and the 
process described above for the stereoselective 
synthesis of compounds of formula (1) . The method works 
particularly well with aldehydes that contain an 
activating group 3,4 or 5 atoms distant from the 
20 aldehyde carbon, as discussed by Pederson 

Aldehydes without activating groups can be coupled using 
higher temperatures and/or longer reaction times. 
Different aldehydes can be cross-coupled either by 
mixing two activated aldehydes and separating the 
25 statistical mixture of products, or by reacting an 
unactivated aldehyde with an activated aldehyde as 
discussed in the references of Pederson sr a±. Where 
the aldehyde of formula (1) has a structure identical to 
that of formula (2), the resultant compound of formula 
(I) is a symmetrical 1, 4-diamino-2, 3-dihydroxybutane . 
Where the aldehyde of formula (1) has a structure 
different from that of formula (2), the resultant 
compound of formula (I) is an unsymmetrical 1,4-diamino- 
2 , 3-dihydroxybutane . 
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Aldehydes of formula (1) and aldehydes of formula 
(2) can be obtained commercially or can be prepared in a 
number of ways well known to one skilled in the art of 
organic synthesis. Preferred methods include but are 
not limited to those described below for aldehydes of 
formula (1) : 



10 




(1) 



Compounds wherein Z is H, n is zero, and Y is - 
C(=Q)nr12_, and the other variables are as described 
5 above, can be prepared by reaction of the amine {II) 
with a carboxylic acid or derivative (III) : 




wherein P is hydrogen or optionally an alcohol 
protecting group, R^O is hydrogen or an aliphatic or 
substituted aromatic group, and the carboxylic acid or 
ester is activated to nucleophilic attack by methods 
25 well known in the art (Bodansky and Bodansky, Thf> 

Practice of Peptldf» ny^f-m-i f^r ry ^ Springer-Verlag, Berlin, 
1984, Chapter II, pp. 89-150), with the preferred method 
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en?3loying 1, 1 ' -carbonyldiimidazole as the activating 
agent, THF as solvent, and 0-40*C as temperature, and 
P=H. If a protecting group is necessary, the preferred 
group is the 2-methoxyethoxymethyl group. Greene, 
erotectinq Gronns in Oraanir Ch^m4«i-^y wiley. New York, 
1981. Removal of the protecting group if employed, 
followed by oxidation (see below) , provides aldehydes of 
formulae (V) or <VI) . 




Mel-hnrt R 

1 5 Thioamides of structure (VI I) and (VIII) can be 

made from the above protected hydroxyamides (IV) 
followed by treatment with a thionation reagent 
(Bodansky and Bodansky, The Vir^n fAn^ r^-F Pop^-^fHp 
Chemifitry , Springer-Verlag, Berlin, 1984, Chapter II, 

20 pp. 89-150), and deprotection followed by oxidation to 
the aldehyde. A preferred thionation reagent is 
Lawesson's reagent, and a preferred protecting group is 
the 2-methoxyethoxymethyl group ( Greene, Prm-er^i- -i 
Grnuns in Oraan^o rh^In^c^-^y , wiley. New York, 

25 1981) . 
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VII VIII 

5 Method r 

Compounds of structure (XI) and (XII) wherein Y ii 
-S02NRi2_ can be prepared by the reaction of (II) with 
an activated sulfonate such as (IX), obtained as 
described by Bodansky and Bodansky, to produce 
1 0 optionally protected alcohols (X) : 




(IX) (II) (X) 



5 wherein Act is an activating group, prefersO^ly chloride, 
and P is, optionally, a protecting group. Removal of 
the protecting group if employed, followed by oxidation 
(see below) , provides aldehydes (XI) or (XII) . 
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10 



15 



20 



Compounds wherein Y is -CH2NRI2- can be prepared by 
the reaction of (ll) with an alkylating agent such as 
(XIII) : 



Wherein LG is a leaving group such as halogen or OSO2R, 
as is described in the art. Bodansky and Bodansky. The 
preferred method employs a tosylate or iodide as leaving 
group, and a secondary amine as the nucleophile, i.e., 
Rl2 is not hydrogen. A preferred method for the 
preparation of compounds wherein Rl2 is hydrogen is 
simply by LiAlH4 reduction of the amides of formula (V) , 
if hydride-sensitive functionality is not present. A 
final preferred method is the reaction of amines (II) 
with aldehydes (XXXIII), followed by reduction of the 
imine by catalyic hydrogenation or by borohydride 
reduction of the intermediate imine. 




(XIII) 



(II) 



(XIV) 



O 



O 




(XXXIII) 
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Removal of the protecting group, if employed, followed 
by oxidation (see below), provides aldehydes (XV) and 
(XVI) , 



5 




(XV) (XVI) 



Methofi E 

E) When Y is -C(C1)-N-, -C (-OR") =N-, or -C (- 
10 NR11r12)=n- 

the aldehydes of Scheme I can be advantageously prepared 
by reaction of secondary amides or thioamides (XVIl) 
with halogenating agents to produce imidoyl halides 
(X) . Bodanszky and BodansJcy. The synthesis of amides 
15 and thioamides (XVII) is described above (formula II, 

r12 = H; see Method A) . The imidoyl halides so produced 
can then be reacted with alcohols to produce imidates 
(XIX) . Gautier, Miocque and Farnoux, in Th«> rh*>Th-i ^i-i-y 
of Amidinftft anH T1n^rfat^o« , T> ^*.^4^ Ed., Wiley, London, 
20 1975, pp. 398-405. Alternatively, they can be reacted 

with amines to produce amidines (XX) as shown. Gautier, 
Miocque and Parnoux, in The r.hf^mi ^i-r-^, n-F Am^H,•ooo ^nrl 
Imlrinfpnt P atai, Ed., Wiley, London, 1975, pp. 297-301. 
Preferred halogenating reagents include phosphorous 
25 pentachloride and phosphorous oxychloride. 
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(XXI) 
Method F 

When Y is -NRi2c(=o)NRi2_, the conipounds of the 
invention can be prepared by reacting amine (il) with 
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derivatizing agent to form the isocyanate or carbamate, 
followed by reaction with a primary or secondary amine 
(XXIV) , optionally in the presence of a base to produce 
the protected alcohol derivative (XXVI) . Satchell and 
5 Satchell, Chem. Soc. Rev., 4, 231-250 (1975). 

When y is -0C(=O)NRl2^ ^he compounds of the 
invention can be prepared by reacting amine (II) with a 
derivatizing agent to form the isocyanate, followed by 
reaction with an alcohol (XXIII) in the presence of a 
1 0 base to produce the protected alcohol (XXV) . 




Cleavage of the protecting group and oxidation to the 
15 aldehyde as described below produces (XXII), with the 
indicated Y values. 
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10 



f R' R* 



o 

(XXII) 



Met- . hnfi ff- OTirlatlnn of Aio^h..i jj^f^ r^^^, ^^^^ 
The alcohols or protected alcohols discussed above 
and represented here by formula (XXVIII) , 



R2 



OP 



(XXVIII) 



can be readily transformed to aldehydes of formulae (1) 
or (2) . The alcohols represented by formula (XXVI 1 1) 
can be oxidized directly to the aldehydes of formulae 

15 (1) or (2) using methods that are well known in the art. 
March, Advancf^d Oirn^r^^n ^i^^nilttrY i Wiley, New York, 
1985, pp. 1057-1060. The protected alcohols represented 
formula (XXVIII) must be deprotected prior to oxidation; 
this is done using methods that are well known to those 

20 in the art. For a recent review, see Tidwell, Synthesis 
857 (1990) . Preferred methods of oxidation include 
pyridinium dichromate, pyridinium chlorochromate, 
pyridine/sulfur trioxide, and activated dimethyl 
sulfoxide. The most preferred method employs 

25 dimethylsulfoxide/oxalyl chloride, also known as Swern 
oxidation in dichloromethane or 

tetrahydrofuran/dichloromethane at -60*C, followed by 
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treatment with a base such as triethylamine . Tidwell, 
Synthesis 857 (1990) . 

While the most preferred method of oxidation is 
gentle and specific, there are functional groups within 
the contemplated scope that may not survive such 
oxidation. Examples of these are primary alcohols, 
amines, indoles, sulfides, thiols. If necessary, these 
groups can be protected prior to oxidation of the 
aldehyde. Alternatively, the reductive conditions 
described below may be used to prepare the aldehyde when 
oxidative conditions cause difficulties with certain 
functional groups . 

Amine (VIII) can be reacted with any of the above 
electrophiles, (III, ix or XIII) to form N~methoxyamide 
(XXIX) . It is known that (XXIX) can be reduced cleanly 
to aldehyde by stoichiometric lithium alTiminum hydride, 
provided that sensitive functionality is not present. 
Fehrentz and Castro, Synthesis €76 (1990) . 



Finally, there are functional groups within the 
conten^jlated scope that will survive neither lithitim 
aluminum hydride nor oxidation. In this occasion, 
reduction of aminoester (XXX) with one equivalent of 
diisobutyl aluminum hydride at low temperature, followed 
by cjuenching at low ten^erature, cam provide an 
alternative to the above conditions. Kawamura atal., 
Chem. Pharm, Bull, 17, 1902 (1969) . 



O 




(XXIX) 
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p 



(XXX) 

SteceOSPecific Synthesis r>f rorpponnHs of Formm ^ IT) 
5 This invention also provides a process for the 

steriospecific synthesis of certain compounds of 
formula (I) from mannitol. This process is shown in 
Scheme II. By steriospecific is meant this process 
yields one diastereomer based on the stereochemistry of 
10 the starting material. The process relies on the key 
intermediate 1,2,5, 6-diepoxy-3, 4-0- (alkylidene) hexane . 
This intermediate is prepared from the hexitol 
derivative, 2, 3-O-alkylidinehexitol, which is itself 
derived from mannitol. The intermediate may be either 
1 5 the D- or L-stereoisomer; the choice of stereoisomer of 
the starting material determines the stereochemistry of 
the final product. This intermediate is prepared in two 
steps, by conversion of the 1,6-hydroxy groups of 2, 3-O- 
alkylidinehexitol to suitable leaving groups, followed 
20 by reaction with a base to effect epoxide formation. 
The intermediate, 1, 2, 5, 6-diepoxy-3, 4-0- 
( alkylidene) hexane, thus prepared is then used to 
prepare certain compounds of Formula (I) . in the next 
step of this process, each epoxide group of the 
25 intermediate, 1, 2, 5, 6-diepoxy-3, 4-0- (alkylidene) hexane, 
is reacted with an organometallic reagent to give a 2,5- 
dihydroxy derivative. The resulting hydroxy groups or 
their derivatives are then converted to amino synthons, 
e-g.f by reaction with azide ion in the presence of 
compounds such as triphenylphosphine and 
dialkylazodicarboxylate . This procedure gives a 2,5- 
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diazido derivative. Next, the amino synthons are 
converted to amino groups, e.g., by catalytic 
hydrogenation of azide residues. Then, the amino groups 
are derivatized, eg., by reaction with an electrophile 
5 as shown in Scheme II. Finally, the alkylidine 

protecting group is removed to yield a product which is 
a compound of formula (I) . Optionally, the dihydroxy 
groups may be derivatized as discussed above. 




5 6: R - COOCHzPh 

7: R - H 



10 
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Scheme li: Synthesis of compounds of formula (I) from 
mannitol . 

Svnfrip.s1s of n^h..H^^^y Tntrnn rr ll n t r 

Another aspect of the present invention is the 
preparation of the dihydroxy intermediate, 2 in Scheme 
II, from the addition of a cuprate to the diepoxide 
intermediate, 1,2,5, 6-diepoxy-3, 4-0- (alkylidene) hexane, 
represented by formula 1 in Scheme II. This is a novel 
process which is useful for the preparation of 
intermediates which are themselves useful for the 
preparation of compounds of formula (I) . m practicing 
this aspect of the invention, a solution of an 
organometallic reagent in an organic solvent is added to 
a solution of a copper salt in an organic solvent in a 
reaction vessel. The resulting mixture is then stirred 
forming an organocuprate . Next, a solution of the 
diepoxide intermediate, 1,2, 5, 6-diepoxy-3, 4-0- 
(alkylidene)hexane, represented by formula 1 in Scheme 
II, in an organic solvent is added to the formed 
organocuprate to give the dihydroxy product represented 
by formula 2 in Scheme li. This is stirred until the 
reaction is complete and is then subjected to a standard 
aqueous work-up, which isolates the desired product in 
25 an organic solvent. Evaporation of the organic solvent 
affords the desired product which is represented by 
formula 2 in Scheme II. if necessary, the product 
obtained from the practice of this aspect of the 
invention may purified using well known techniques. 

The metal of the organometallic reagent can be 
lithium or magnesium. The preferred metal is lithium. 
The copper salt may be any copper salt which provides a 
source of copper (I) . Preferred copper salts are 
copper (I) bromide, copper (I) chloride, copper (I) iodide 
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and copper (I) bromide-dimethyl sulfide complex. Most 
preferred is copper (I) bromide-dimethyl sulfide complex. 
The solvent used in this process may be any aprotic 
solvent. Preferred solvents are dialJcyl ethers and 
5 mixtures of dialkyl ethers with tetrahydrof uran . The 
solvent most preferred for use in this process is 
diethyl ether. The use of tetrahydrof uran by itself is 
not desirable. Solvents which are incompatible with 
this process are protic solvents. 
10 In practicing this process it is important to 

rigorously exclude moisture and reactive gases such as 
oxygen and carbon dioxide. All reagents and solvents 
utilized in this process should be moisture free and 
free of reactive gases. The reaction vessels and 
1 5 containers should be similarly free of moisture and 

reactive gases. The reaction should be performed under 
an atmosphere of an inert gas such as nitrogen or argon. 

In practicing this aspect of the invention, the 
reaction may be carried at over a temperature range of - 
20 78" to 25"»C. The preferred temperature range is -TB" to 
-20*C. It is desirable to add the solution of the 
organometallic reagent to the solution of the copper 
salt at about -20*»C. After adding the 1, 2, 5, 6-diepoxy- 
3,4-o-(alkylidene)hexane it is desirable to stir the 
25 resultant mixture at O'C. The reaction may be carried 
out over a time period of 5 minutes to 18 hours. The 
usual reaction time is between 5 minutes and 1 hour. 

If necessary, the compounds provided by this aspect 
of the invention may be purified by any technique useful 
3 0 for the purification of such compounds. Preferred 

methods include recrystallization and chromatography. 

The intermediate represented by formula 5 in Scheme 
II may also be prepared according to the method shown in 
Scheme III. In this method, 1, 2, 5, 6-diepoxy-3, 4-0- 
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(alkylidene)hexane is reacted sequentially with lithium 
bis (trimethylsilyl) amide, tetrabutylammonium fluoride 
and N- (benzyloxycarbonyl) succinimide to give the N- 
protected diaminodiol intermediate represented by 
formula 8 in Scheme III. This intermediate is then 
reacted with triphenylphoshine and diethyl 
azodicarboxylate to give the bisaziradine intermediate, 
9. Finally, reaction of 9 with an organocuprate affords 
intermediate, 5, which can be further elaborated to 
compounds of formula (I) as shown in Scheme II. 

Synthesis nt A^iT-Srt<T,oo 

Another aspect of the present invention is a novel 
process for the conversion of the N-protected diamine 

1 5 diol, represented by formula 8 in Scheme III, to the 
bisaziridine intermediate, 9. The process of the 
present invention is analogous to the Mitsunobu reaction 
and may be viewed as an intramolecular Mitsunobu 
reaction. The Mitsunobo reaction is a known method for 

20 the conversion of a hydroxy group to another functional 
group, eg,, to an amino group. Mitsxinobu, O., Synf.hf>si s 
1981, 1. The process of the present invention is 
distinguished from the Icnown Mitsunobu reaction by being 
an intramolecular reaction which yields an aziridine. 

25 No references were found in the literature which 

disclose the synthesis of an aziridine ring via an 
intramolecular Mitsunobu reaction in which the amino 
group is protected with benzyloxy carbonyl. The 
Benzyloxy-carbonylgroup is readily deprotected by simple 

3 0 hydrogenolysis. Other protecting groups such as 

tosylamides are removed with difficulty and need drastic 
conditions . 
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(I) LlN(SiMe3)2 

(II) BU4NF 
(ill) Z-OSU 




O \nH2 

NHZ or 




Scheme III: Alternative synthesis of intermediate 
5 utilized in mannitol route. 

In addition to the utility of this process for the 
preparation of bisaziridine intermediate 9 of Scheme 
III, it is also anticipated that this process will have 
utility for the synthesis of any molecule containing an 

1 0 aziridlne ring. The only requirement which must be met 
in using this process for the synthesis of such 
molecules is that there be available a suitable 
precurser molecule which contains at least one 
functional group pair. A functional group pair is 

1 5 defined as a hydroxy group and an amino group beta to 
the hydroxy group. Practicing this process on a 
precurser molecule containing a single functional group 
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pair would give rise to a product containing a single 
azlrldlne group. Practicing this process on a precurser 
molecule containing two functional pair groups, such as 
formula 8 of Scheme III, gives a product containing two 
5 aziridine groups. Similarly, precurser compounds with 
three or four functional group pairs would give products 
containing three or four aziridine groups respectively. 

In practicing this aspect of the invention, diethyl 
azodicarboxylate is added to a solution of the precurser 
10 molecule, e.g., compound 8 in Scheme III, and 

triphenylphoshlne in an anhydrous organic solvent. The 
reaction is stirred and its progress is monitored by 
thin layer chromatography (10:1:10, ethyl acetate/ethyl 
alcohol/hexane) until it is complete. The reaction 

1 5 mixture is then concentrated to a small volume and the 

product is purified, if necessary. 

The ratio of triphenyl phosphine : diethyl 
azodicarboxylate :diol utilized in this process may be 1- 
4:1-4:1 respectively. A preferred ratio of reagents is 
1-2:1-2:1, The most preferred ratio is 1:1:1. 

The process requires the use of a reaction solvent. 
Polar aprotlc solvents may be used. Preferred solvents 
include tetrahydrofuran, benzene and toluene. The most 
preferred solvent is tetrahydrofuran. Protlc solvents 

2 5 are incompatible with this process. 

In practicing this process it is important to 
rigorously exclude moisture and reactive gases such as 
oxygen and carbon dioxide. All reagents and solvents 
utilized in this process should be moisture free and 
30 free of reactive gases. The reaction vessels and 

containers should be similarly free of moisture and 
reactive gases. The process should be performed under 
an atmosphere of an inert gas such as nitrogen or argon. 
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This process operates over a temperature range of 
25* to Q5°C. The preferred teii^)erature range is 55* to 
85*C. The most preferred temperature range is 70* to 
85*C. 

The process may be carried out over a time range of 
5 minutes to 24 hours. The process is usually carried 
out over a time range of 5 minutes to 30 minutes. 

The aziridine products provided by this aspect of 
the invention can be further purified, if necessary, by 
recrystallization or chromatography. 

It is further anticipated that this process would 
be useful for the preparation of saturated 3-7 membered 
nitrogen containing heterocycles by carrying out an 
intramolecular Mitsunobo reaction on a precurser 
molecule containing a protected nitrogen atom and a 
hydroxyl group separated by 2-6 atoms. 

Hvdroaenat-.iQn of Bis fW-CBZ^ -dtaminorfiolg 

The compounds of formula (I) obtained by any of the 
above methods can be further elaborated to give other 
compounds of formula (I) . For example, confounds of 
formula (Z) which are bis (N-CBZ) -diaminodiols can be 
hydrogenated to remove the CBZ protecting group and give 
the corresponding diaminodiol which may then be further 
elaborated at the amine residues. The hydrogenation to 
remove the CBZ protecting group can be carried out using 
any of the catalysts, solvents and reaction conditions 
commonly employed to effect removal of this group. A 
preferred method is to take up the bis (N-CBZ) - 
diaminodiol in a minimum aunount of tetrahydrofuran to 
permit some solubility, add one volume of ethanol, and 
optionally 1—100* volvune % acetic acid, and 0.1 weight 
equivalents of 10% palladium on carbon, and stir under 
hydrogen at ambient temperature and pressure for 24 
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hours occasionally evacuating the reaction flask and 
refilling with hydrogen. The reaction mixture is 

llTltl ^'""^ ''""^"^ techniques and, if necessary, 
^ the diaminodiol obtained is further purified. 

CQUPllna of ni^mHnr.^^^^^ 

The diaminodiols of formula (I) obtained as 
descrxbed above or from any other source can be further 

10 known electrophiles. Coupling reactions of the 

diaminodiols with activated esters are a particularly 
useful method for elaborating these compounds. Many 
conditions and reagents are available to effect 

15 """P"^'^^* ^^""^ -ethods are exemplified in the 

15 Example section. For exan^ie, the diaminodiols of 
formula (l, can be reacted with suitably protected 
peptides, suitably protected amino acids or carboxylic 
acids in the presence of dicyclohexylcarbodiimide (DCC) 
and 1-hydroxybenzotriazole hydrate using procedures 
commonly employed in peptide synthesis to give the 
corresponding diamidodiol. The diaminodiols of formula 
(I can be reacted with suitably protected peptides, 
suitably protected amino acids or carboxylic acids in 
the presence of Benzotriazol-1- 

yloxytris (dimethylamino)phosphonium hexafluorophosphate 
(BOP) to give the corresponding diamidodiol. Th 
diaminodiols of formula (I) can be coupled with 
carbonyldiimidazole. The diaminodiols of formula 
can be reacted with activated esters such as N- 
hydroxysucclnimide esters and p-nitrophenylesters to 
give the corresponding diamidodiol. The diaminodiols of 
formula (I) can be reacted with isocyanates to give the 
corresponding urea. The diaminodiols of formula (I) can 
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be reacted with epoxides to give the corresponding 
addition product . 

BioGhptniifirry 

The compounds of formula (I) prepared were then 
tested as described herein to determine their ability to 
inhibit HIV protease activity. 

It is believed the antiviral compounds of this 
invention can be administered as treatment for viral 
infections by any means that produces contact of the 
active agent with the agent's site of action in the body 
of a mammal. They can be administered by any 
conventional means available for use in conjunction with 
pharmaceuticals, either as individual therapeutic agents 
15 or in a combination of therapeutic agents . They can be 
administered alone, but generally administered with a 
pharmaceutical carrier selected on the basis of the 
chosen route of administration and standard 
pharmaceutical practice. 
20 The dosage administered will, of course, vary 

depending upon known factors, such as the 
pharmacodynamic characteristics of the particular agent 
and its mode and route of administration; the age, 
health and weight of the recipient; the nature and 
25 extent of the symptoms; the kind of concurrent 

treatment; the frequency of treatment; and the effect 
desired. A daily dosage of active ingredient can be 
expected to be about 0.001 to 1000 milligrams per 
kilogram of body weight. 
3 0 Dosage forms (compositions suitable for 

administration contain from about 1 milligram to 
about 100 milligrams of active ingredient per unit. 
In these pharmaceutical compositions the active 
ingredient will ordinarily be present in an amount 
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of about 0.5-95% by weight based on the total weight 
of the composition. 

The active ingredient can be administered 
orally in solid dosage forms, such as capsules, 
5 tablets, and powders, or in liquid dosage forms, 
such as elixirs, syrups, and suspensions. It can 
also be administered parenterally, in sterile liquid 
dosage forms. 

Gelatin capsules contain the active ingredient 
1 0 and powdered carriers, such as lactose, starch, 

cellulose derivatives, magnesium stearate, stearic 
acid, and the like. Similar diluents can be used to 
make compressed tablets. Both tablets and capsules 
can be manufactured as sustained release products to 
1 5 provide for continuous release of medication over a 
period of hours. Compressed tablets can be sugar 
coated or film coated to mask any unpleasant taste 
and protect the tablet from the atmosphere, or 
enteric coated for selective disintegration in 
20 the gastrointestinal tract. 

Liquid dosage forms for oral administration can 
contain coloring and flavoring to increase patient 
acceptance . 

In general, water, a suitable oil, saline, 
25 aqueous dextrose (glucose), and related sugar 

solutions and glycols such as propylene glycol or 
polyethylene glycols are suitable carriers for 
parenteral solutions . Solutions for .parenteral 
administration preferably contain a water soluble 
salt of the active ingredient, suitable stabilizing 
agents, and if necessary, buffer substances. 
Antioxidizing agents such as sodium bisulfite, 
sodium sulfite, or ascorbic acid, either alone or 
combined, are suitable stabilizing agents. Also 
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used are citric acid and its salts and sodium EDTA. 
In addition, parenteral solutions can contain 
preservatives, such as benzalkonium chloride, 
methyl- or propyl-paraben, and chlorobutanol . 
5 Suitable pharmaceutical carriers are described 

in Remington's Pharmar«»l1^^>^ ^ ^ .<;n<«in^o«^ , a. Osol, a 
standard reference text in this field. 

Useful pharmaceutical dosage-forms for admini- 
stration of the compounds of this invention can be 
10 illustrated as follows: 

A large number of unit capsules are prepared by 
filling standard two-piece hard gelatin capsules 
1 5 each with 100 milligrams of powdered active 

ingredient, 150 milligrams of lactose, 50 milligrams 
of cellulose, and 6 milligrams magnesium stearate. 

Soft C;«*1afin rap>»,i1o« 

A mixture of active ingredient in a digest able 
oil such as soybean oil, cottonseed oil or olive oil 
was prepared and injected by means of a positive 
displacement pump into gelatin to form soft gelatin 
capsules containing 100 milligrams of the active 
ingredient. The capsules are washed and dried. 

Tablet, fi 

A large number of tablets are prepared by con- 
ventional procedures so that the dosage unit was 100 
30 milligrams of active ingredient, 0.2 milligrams of 

colloidal silicon dioxide, 5 milligrams of magnesium 
stearate, 275 milligrams of raicrocrystalline 
cellulose, 11 milligrams of starch and 98.8 
milligrams of lactose. Appropriate coatings may be 
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EXAMPT.Fg 




B 

N-Carbobenzyloxyalanine (6.63 g, 29.7 nunol; Sigma 
Chemical Company) was dissolved in 30 mL THF in a 100 mL 
oven-dried flask under N2 and stirred at room 
temperature while adding 1, 1 '-carbonyl diimidazole (4.82 
g, 2 9.7 mmol; Aldrich Chemical Company) neat. Copious 
bubbling occurred, indicating CO2 formation. The 
mixture was stirred 30 minutes and (s) -2-amino-l- 
phenylpropanol (4.5 g, 29.7 mmol; Sigma Chemical 
Company) was added neat. Stirring was continued for 18 
hours. The mixture was poured into a separatory funnel 
and the flask rinsed with dichloromethane . 100 mL of 
dichloromethane was added, and 50 mL saturated aqueous 
disodium-L-tartaric acid. The funnel was shaken, the 
aqueous layer removed, the organic layer washed with 
saturated bicarbonate and brine, and, dried with 
magnesium sulfate. Filtration and solvent removal 
yielded a white solid. Recrystallization by dissolving 
in hot ethyl acetate, filtering, and adding hexane until 
cloudy provided 6.76 g (64%) white crystals with 
properties consistent with alcohol (III) . 
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Melting Point: 120-121*C 

NMR (300 MHz, CDCI3); a, ppm: 7.1-7.5 (m, 10 H) ; 6.45 
(broad d, IH, NH); 5.35 (d, IH, NH) ; 5.1 (broad s, 2H, 
0CH2Ph); 4.1-4.2 (m, 2H, alanine a-CH) ; 3.6 (m, 2H, 
5 CH2OH); 2.85 (m, 2H, phenylalaninol b-CHa) ; 1.2-1.4 (d, 
3H, methyl) . 

Using the above conditions, the following a- 
aminoalcohols were prepared: 

10 



D: 




Melting Point: 158-160*C 

15 NMR (300 MHz, CDCI3) : 7.1-7.6 (m, 10 H) / 6.2 (broad 

d,lH, NH); 5.25 (d, IH, NH) ; 5 . 1 (broad s, 2H, OCHzPh) ; 
4,2 (m, IH, isoleucine a-CH); 3.95 (dd, IH, isoleucine 
a-CH); 3.6 (m, 2H, CH2OH) ; 2.85 (m, 2H, phenylalanine 1 
b-CH2); 1.85 (m, 2H, isoleucine methylene) 1.3 (m, IH, 

20 isoleucine methine) ; 0.8-1.1 (m, 6H, methyls). 




Melting Point 173-180'C 

25 

NMR (300 MHz, DMSO-d6) : (m, 7.65, IH, NH) ; 7.2-7.4 
(IIH, m, aromatic and NH) ; 5.05 (2H, m, OCH2) ; 3.9 (m, 
IH, CH2OH); 3.8 (dd, IH, isoleucine a-CH); 3.35-3,5 (m 
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2H, CH2OH); 2.6-2.9 (m, 2H, phenylalaninol b-CHz) ; 1.6 
(m, 2H, isoleucine methylene) 1.3 (m, ih, isoleucine 
methine); 0.8-1.1 (m, 6H, methyls). 



Melting point 147.5-14 9.5*0 

0 NMR (300 MHz, DMS0-d6): 7.65 (d, IH, NH) ; 7.2-7.4 (6H, 
m, aromatic and NH) ; 5.05 (2H, m, OCH2) ; 4.7 (dd, IH, 
isoleucine a-CH) ; 3.8 (m, IH, methionine a-CH) ; 3.25-3.4 
<m, 2H, CH2OH); 2.3-2.5 (m, 2H, methione g-CHa) ; 1.9 (s, 
3H, SCH3); and 0.7-1.9, aliphatics. 



NMR (300 MHz, CDCI3) : 7.2-7.2 (m, lOH, aromatic); 6.2 (d, 
IH, NH); 5.1-5.2 (m, 3H, OCH2, NH) ; 4.15 (m, IH, 
phenylalaninol a-CH) 3.95 (dd, IH, valine a-CH); 3.5-3.7 
(ra, 2H, CH2OH); 2.8-2.9 (m, 2H, phenylalaninol B-CH2) ; 
2.1 (m, IH, valine b-CH) ; 0.9 (d, 3H, methyl); 0.8 (d, 
3H, methyl) . 



5 




15 




H: 
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CHgClz 
l| Oxalyi chloride 



8 s ^kX^Y^'r^NHV 



5 A nitrogen-filled, oven-dried 500 inL flask was 

charged with 35 mL CH2CI2 and 2 . 90 g oxalyl chloride 
(25.25 nonol) under N2 and cooled to -60. Dry 
dimethylsulf oxide (2.42 g, 33.6 mraol) in 40 mL CH2CI2 
was added over about 10 min. The mixture was stirred 15 

10 min at -60, and alcohol C (6.00 g, 16.8 mmol) was added 
in 100 mL 1:1 THF/CH2CI2. After stirring 25 min at -60, 
triethylamine (6.8 g, 67.2 mmol) was added in 20 mL 
CH2CI2. Stirred 30 min at -60 and quenched with 20% 
aqueous KHSO4 (150 mL) at -60. A white solid formed as 

15 water froze. Added 180 mL. hexane and warmed to RT. 

Separated aqueous layer and washed with ether. Combined 
organic layers, filtered off white solid (presumably 
unreacted, insoluble starting alcohol) and washed with 
sat. aq. NaHC03, water and brine, and dried over MgS04 . 

20 Yield: 5.12 g white solid. Analytically pure sample can 
be obtained by recrystallization from EtOAc/hexane , but 
the aldehyde is very readily epimerized at the a-carbon, 
and a small amount of the S,R isomer is generally 
observed after workup or other manipulation. 

25 Additionally, variable amounts of aldehyde trimers 

oligermers may be observed if the aldehyde is exposed to 
strong acids in organic solvents. 



30 



Melting Point: 125-126'>C 
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NMR (300 MHZ, CDCI3) : 9.6 (br IH, CHO) ; 7.1-7.4 (m, 
lOH, aromatic); 6.5 (br, IH, NH) ; 5.1-5.2 (m, 3H, NH and 
OCH2); 4.65 (iti/ IH, phenylalaninal a-CH) ; 4.25 (m, IH, 
alanine a-CH) ; 3.15 (m, 2H, phenylalaninal B-CH2) ; 1.35 
5 (d, 3H, CH3) . 

Using the above procedure, the following aminoaldehydes 
were prepared: 



1 0 




Melting Point 116-117''C 

NMR (300 MHz, CDCI3) : 9.6 (br s, IH, CHO); 7.1-7.5 (m, 
15 lOH, aromatic); 6.45 (br d, IH, NH) ; 5.1-5.2 (m, 3H, NH 
and OCH2); 4.65 (m, IH, phenylalaninal a-CH); 4.1 (m, 
IH, isoleucine a-CH); 3.15 (m, 2H, phenylalaninal fi- 
CH2); 1.85 (m, 2H, isoleucine methylene) 1.4 (m, IH, 
isoleucine B-CH2) ; 0.8-1.1 (m, 6H, methyls). 

20 

MS (FAB): M+H (measured) 397.21; (calculated) 397.17 




25 
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NMR (300 MHz, CDCI3) : 9,6 (br s, IH, CHO) ; 7.1-7.4 (m, 
lOH, aromatic); 6.4 (br d, IH, NH) ; 5.1-5.2 (m, 3H, NH 
and OCH2); 4.75 (m, IH, phenylalaninal a-CH) ; 4.0 (m, 
IH, valine a-CH); 3.15 (m, 2H, phenylalaninal B-CHs) ; 
5 2.1 (m, IH, valine fi-CH) ; 0.8-1.0 (m, 6H, methyls). 

MS (FAB): M+H (measured) 383.13; (calculated) 383.20 



S— 



10 




5 NMR (300 MHz, CDCI3) : 9.6 (br s, IH, CHO); 7.1-7.5 (m, 
lOH, aromatic); 6.45 (br d, IH, NH) ; 5.1-5.2 (m, 3H, NH 
andOCH2); 4.7 (m, IH, 4-chlorophenylalaninal a-CH) ; 4.1 
(m, IH, isoleucine a-CH); 3.1 (m, 2H, 4- 
chlorophenylalaninal fl-CH2) ; 1.85 (m, 2H, . isoleucine 

0 methylene) 1.4 (m, IH, isoleucine fi-CH2) ; 0.8-1.1 (m, 
6H, methyls) . 
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NMR (300 MHz, DMSO-d6; mixture of isomers; maj( 
isomer): 9.4 (s, IH, CHO). 



UT Ihcboc - ^-^-h 

10 

l,1-P1mPftlVlftfhv1 1~fnrmvl-?-nh^nyloi-HYi>-ffrh F 1in n tT 
step 1: A solution of 11.0 g (41.5 nunol) of N-tert- 
butoxycarbonyl-L-phenylalanine (Sigma Chemical Co., St. 
Louis, MO) in 100 mL of CHCI3 at 0*C was treated with 
15 4 . 6 mL of N-methylmorpholine followed by 5.4 mL of 

isobutylchlorof ormate . After stirring for 10 minutes 
the reaction mixture was treated with 4.05 grams of N,0- 
dimethylhydroxylaminehydrochloride followed by 5.8 mL of 
triethylamine . Upon stirring at 0»C for 1 hour followed 
20 by 16 hours at room temperature, the reaction mixture 

was worked up by washing with 2X50 mL of 0.2N HCl, 2X50 
mL of 0.5N NaOH and 50 mL of saturated NaCL. The 
organic layer was dried with MgS04 and concentrated 
under reduced pressure to yield 12.4 grams of an oil 
25 which was used in the next step without further 

purification. This .material showed NMR (CDCI3) : 1.4 
(s, 9H), 3.0 (m, 2H), 3.2 (s, 3H) , 3 . 65 (s,3H), 4.95 (m, 
IH), 5.2 (m, IH), 7.2 (m,5H); MS cal 309.18 f 309.33. 
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1 0 



15 



Step 2: The above material was dissolved in 250 mL 
of ether, cooled to 0«C and treated with 9.5 grams (250 
mmol) of lithium aluminum hydride. After warming to 
room temperature and stirring for 1 hour the reaction 
was quenched with a solution of 0.35 mole KHSO4 in 200 
mL of water. The organic layer was separated and the 
aqueous layer was extracted with 200 mL of ether. The 
combined ether layers were washed with 2X100 mL 10% HCl 
100 mL NaHC03 and dried over MgS04 , Upon concentration' 
under reduced pressure, 9.8 g of a pale yellow oil was 
obtained which solidified upon standing in the 
refrigerator. The product showed NMR (CDCI3) : I.4 (s, 
9H), 2.9 (m, 2H),7.2 (m, 5H) , 9.6 (s, IH) . 

A sample prepared in another experiment was 
purified by chromatography to yield a pure sample which 
showed the following NMR (CDCL3) : 1.4(S<9H), 3,1 
(d,J-10HZ,2H), 4.4 (m,lH), 5.05 (m, IH) , 7.05 (m, 5H) , 
9.6(s,lH) . 



20 Methnri R 



lil-Plmf^rhYlftnyl ^■-forInv^~4-^h^^-nant•Y^^.r^ rl m ^ r - 
step 1 : A method similar to that reported in 
Organic Synthesis, volume 67, 69 (1988) was used. Thus, 
9.75 grams of N, 0-dimethyhydroxylamine hydrochloride in 
60 mL of CH2CI2 was cooled below 5*'C and treated with 
7.35 mL of triethylamine through an addition funnel to 
keep the temperature below 5°C. This material was 
maintained below 5«'C and added to the reaction mixture 2 
minutes after the addition of 7.73 mL of 

methylchloroformate to a solution at -20'*C of 24.9 grams 
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of N-tert-butoxycarbonyl-L-methionine (Sigma Chemical 
Co., St. Louis, MO) in 400 mL of CH2CI2 containing 10.97 
mL of N-methylmorpholine . After the addition, the 
reaction mixture was warmed to room temperature and 
5 stirred for 4 hours. At the end of this period the 
reaction mixture was worked up as described above 
(Method A, Step 1) to yield 24.39 grams of an oil which 
was used in the next step without further purification. 
The product showed NMR(CDCl3): 1.4 (s, 9H) , 1.95 (m, ^ 
10 2H), 2.55 (t, J=8Hz, 2H) , 2.8 (s, 6H),4.35 (m, IH) . 

Step 2: This material was dissolved in 80 mL of 
ether and added to a suspension of 4.5 grams of lithium 
aluminum hydride in 400 mL of ether at -45**C at such a 
rate that the temperature remained below -35*'C. Upon 
1 5 completion of the addition, the reaction mixture was 
warmed to 5*C , then cooled to -35*0 and treated with 
24.85 grams of NaHS04 in 65 mL of water at such a rate 
that temperature was below 2"C. The resulting slurry 
was stirred for 1 hour and then filtered through a pad 
20 of celite. The celite pad was washed with 2X100 mL of 
ether and the combined ether layers were washed with 
3X100 mL of IN HCl, 2X100 mL NaHC03 and 100 mL of 
saturated NaCl. The organic layer was dried over MgS04 
and concentrated under reduced pressure to yield 17.67 
25 grams of an oil which was used without further 

purification. The product showed NMR (CDCI3) : 1.4 (5, 
9H), 1.9 (m,2H), 2.08 (s, 3H) , 2.55 (t, J-IOH2, 2H) , 
4.25 (m, IH) , 5.2 (m, IH) . 

The following aldehydes were prepared by the method 
30 of Method B: 

1. l-Dimethvlethvl 2-oxoethvlf^arhama^^ . 



^CHO 
NHt-Boc 
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NMR (CDCI3): 1.45 (S, 9H), 4.05 (d, J=8Hz, 2H) , 5.3 
(m, IH) , 9.65 (s, IH) . 



^CHO 



V 

NHt-Boc 

NMR (CDCI3) : 1.35 (d, J-lOHz, 3H) , 1.45 (s, 9H) , 
4.2 (m, IH), 5.15 (m, IH) , 9.55 (s, IH) . 

1 . 1 -Pi met TiYl ftfhvl 1 -f nrmvi -?-m^^'hy^ pr-^pyi p fi T-h n m n f r • 



,CHO 
NHt-Boc 

NMR (CDCI3): 0.95 (d, J-7H2, 1.5H), 1.05 (d, j=7Hz, 
15 1.5H), 1.45 (S, 9H), 2.3 (m, IH) , 4.25 (m, IH) , 5.15 (m, 
IH) , 9.65 (s, IH) . 

V^Ny^CHO 
' NHt-Boc 

20 

NMR (CDCL3): 0.95 (m, 6H) , 1.4 (s, 9H) , 1.6 (m, 
IH), 4.2 (m, IH), 5.0 (m, IH) 9.55 (s, IH) . 

1 « l-DlTnethYlft1-hv1 P-formvl -1 -nvri-ol i H^ n ^ ^ar-hAm^l-o > 

^N^CHO 

25 Un. 



1.48 (s, 9H), 1.72-2.20 (ra, 4H) , 3.23-3.72 (m, 3H) 
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XHO 
NHt-Boc 

NMR (CDCL3); 1.4 (s) , 7.2 (m) , 9.45 (s) . 

o 



NMR (CDCI3) : 3.15 (d, J-6H2, 2H), 4.5 (d, 
j-12.6Hz, IH), 5.1 (s, 5,35 (m, IH) , 7.1-7.4 (m, 

1 0 lOH) , 9.6 (s, IH) . 



.CHO 
NHt-Boc 



15 NMR (CDCL3): 1.45 (s, 9H) , 1.9 (m, 2H), 2.75 (m, 

2H), 4.25 (m, IH) , 5.1 (m, IH) , 7.2 (m, 5H) , 9.55 (s, 
IH) . 



20 



F 



^CHO 
" NHt-Boc 



NMR (CDCL3); 1.45 (s, 9H), 3.1 (m, 2H) , 4.4 m, 
IH), 5.05 (m, IH), 7.0 (m, 4H) > 9.65 (s, IH) . 
25 1, l-Dimet-.hvle^hvl l -fr>rmv1-?-M- 

iQdQPhftnvl > f»1-hvlearhama1-^ » 
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25 



NHM 



82 

CHO 
Boc 



NMR (CDCL3): 1.4 (s, 9H) , 3.1 (m, 2H) , 4.4 (s, 
IH), 5.1 (m, IH), 6.9 (d, j-BHz, IH) , 7.2 (m, 2H) , 7.6 
(d, j=8Hz, IH) , 9.6 (s, IH) . 

1, l-nime1-bv1Pi-hvl i -f ormvi 
benzvl nxvphPnvi \ o^hv^ n^^H^^^^^. 



NH 



.CHO 
NHt-Boc 



NMR (CDCla): 1.45 (s, 9H) , 3.05 (d, J-12H2, 2H) , 
4.4 (m, IH), 5.05 (s, 2H) , 6.9 (d, J-12Hz, 2H) , 7.05 (d, 
j=12H2, 2H), 7.3 (m, 5H),9,6 (s, IH) . 
CQUPHna of A1rlAhv>rf.aQ w^^->^ ra1l^^.^»* „ R^^^^^nf 

Example 1A anH m 



CH,-^* 

HN NH 
t-Boc t-Boc 

20 Bis f 1 . 1 -rH methvl e^hv^ ^ f ? . >.Y^^nv^-i . d^h4 . 

(niRtllYl f tH n) Pf hvl ) -1 4-hnf an^rtl vl ^ c^^^v.nTpf,f r • To a 
solution of Ir l-dimethylethyl l-formyl-4-thia- 
butylcarbamate, from Method in 1 mL of CH2CI2, under 
argon, was added 5 mL of the Caultons reagent (prepared 
via the method reported by Boxima et al, Inorg. Chem., 
23, 2715-2718 (1984)) followed by 10 drops of DMF. 
After stirring over night the reaction mixture was 
treated with 1 mL of 20% KOH, filtered through celite 
and the celite pad was rinsed with CH2CI2 . The organic 



wo 91/18866 



PCr/US91/03852 



83 



20 



25 



layer was separated from the combined filtrates, dried 
and concentrated under reduced pressure to afford the 
crude product. This material was chromatographed over 
silica gel using 20% EtOAc/hexane to afford a fraction 
containing 33.6 mg of an isomer of the desired product 
as a crystalline solid. A second fraction was found to 
contain 12 mg of another isomer of the desired product 
as a crystalline solid (Example IB, ) . Example IB had 
MS: cal 469.24 F 469.19. 

ExamnlA 7iV 



10 



HN NH 
t-Boc t-Boc 

5 Bisa.1-ri4mi>^hYlo^.|^vH /^.-^- dthyrii-ovy-l ,4, 

(phenvlmpf hvl ) -1 . 4>hl1^«n>>divMH^ 

(lSt 2 S.3 . 'ir4ff) ; A solution of 1.06 g 1, 1-diraethylethyl 
l-formyl-2-phenylethylcarbamate, from Method A, in 10 mL 
of CH2CI2, was treated with 3 mL of DMF followed by 10 
mL of Caulton's reagent and stirred for 16 hour. At the 
end of the period the reaction mixture was treated with 
10 mL of 20% NaOH, stirred for 15 minutes and then 
diluted with 50 mL of ether. After filtering through a 
celite pad, the celite pad was washed with 3X50 mL of 
ether and the organic layer was separated from the 
filtrate. Upon washing with 2X20 mLof NaCl solution, 
drying over Na2S04 and concentration under reduced 
pressure the organic layer gave a crude product which 
was chromatographed over 50 grams of silica gel using 
30 2:1 HexcEtOAc as eluant . This afforded 0.35 g of the 
desired product, mp « 210-213; NMR: (CDCI3) 1.4 
(s,18H), 3.0 {dd,J=10H2,2H) , 3.2 (m 4H) , 4.05 (m,2H), 



wo 91/18866 



PCr/US91/038S2 



84 



4.4 (m,4H)^ 7.2 (m, lOH) . Upon D2O exchange , the 
multiplet at 4.4 became a doublet (d, J=lO Hz, 4H) ; MS 
Cal 501.3 F500.85; Anal Cal C: 67.18, H: 8.05, N: 5.60 F 
C: 66.92, H: 8.31, N: 5.64. The product of this 
5 reaction had the stereochemistry, 1S,2S,3S,4S; this was 
determined as described below. 

The stereochemistry of each of the nitrogen bearing 
carbon atoms is known to be S since the starting 
material was the L-isomer. The stereochemistry of the 
1 0 hydroxy bearing carbon atoms was determined by 
conversion of the diol to its corresponding 
oxazolidinone and measuring the coupling constant 
between the ring protons. See J. Med. Chem 30, 1978-83 
(1987). The procedure was carried out as follows: to 
15 100 mg of the diol, 4 mL of 4N HCl in dioxane was added 
and after stirring for 15 min the volatile material was 
evaporated by blowing nitrogen. Upon subjecting the 
residual product to high vacuum under KOH it was 
dissolved in 4 mL of CHCI3, cooled to 0«C and 0.28 mL of 
20 trie thy lamine was added. To this, 0.206 mL of 10% 

phosgene solution in toluene was added and stirred for 
16 hour. At the end of this period the reaction mixture 
was diluted with 75 mL of EtOAc, washed with 10 mL IN 
HCl, 10 mL of NaHC03, dried and concentrated under 
reduced pressure to give a product which was purified by 
flash chromatography to give 22.3 mg of the desired 
oxazolidinone that crystallized to afford 15.8 mg of 
material. NMR (CDCI3) of this material showed a 
coupling of 7.5 Hz between the protons attached to the 
oxygen and nitrogen bearing carbon atoms. This coupling 
constant is consistent with each of the hydroxy bearing 
carbons being in the S configuration. Thus, this 
molecule was assigned the stereochemistry Is, 2s, 3s, 4s. 



25 



30 
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HO 



OH 




t-Boc t-Boc 



5 BiS(1.1-riimfihhv1f>1'hvl> . ^-rUh^rir-o^y-l it, 

(Phenvlmef hvl) -1 . 4-hiit.an«>rii y1 I bi sraT>^amai-o 
flS, 2R, 3R, : To 10 mL of Caulton's reagent, 1.06 g (4 
nunol) of 1, 1-Dimethylethyl l-formyl-2-phenylethyl- 
carbamate, from Method A, was added and after all the 
10 aldehyde dissolved 3 mL of DMF was added. The reaction 
mixture was then treated in a manner similar to Example 
2A to give 0.41 g of the desired conqjound as a solid mp 
202-204% NMR(CDC13>: 1.4 (s, 18H) , 2.9 (m, 4H) , 3.4 
(s, 2H), 4.0 (s, 2H), 4.8 (d, J-lOHz, 2H) , 7.2 (m, lOH) . 
15 MS cal. 501.3 Found 501.05. Elemental Analysis cal 

C:67.18, H:8.05, N:5.60; Found C:66.94, H:8.15, N:5.60. 
This material was shown to have the stereochemistry 
ls,2r,3r, 4s by the method described in Example 2A; the 
oxazolidinone produced showed a coupling constant of 5.5 
20 Hz between the protons attached to oxygen and nitrogen 
bearing carbon atoms. 



Bis f 1 . 1-di.methvl hvl ) (1. ^^-H^ hydroxy- 1 . 4- 
(Phenvlmethvl) -1 . 4-hiif anArii yl^ hlsrarhamal-P 
flS, 2Sr3R. 4fi) : The Is, 2s, 3r, 4s isomer was prepared by 



KxanmlA Or 



25 




t-Boc t-Boc 
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1 0 



15 



20 



adding a solution of 1.0013 grams of 1, 1-Dimethylethyl 
l-formyl-2-phenylethylcarbamate, from Method A, in 2 mL 
of dry CH2CI2, to 15 mL of Caulton's reagent followed by 
3 mL of DMF. This was stirred for 16 h, treated with 10 
mL of 20% KOH solution and stirred for 1 hour and 
filtered through a pad of celite. The organic layer 
from the filtrate was dried with Na2S04 and concentrated 
under reduced pressure to give a crude product. This 
material was chromatographed over 80 grams of silica 
gel eluting with 20% EtOAc to give 0.166 g of product, 
mp = 172-174*C. MS: calcd. 501.30, found 501.66. 



(Phenyl methvl > -1 . 4-^1,1-^^^H^ y^ ^ .^^^^>,«^^^^ 
flS,?R,?R,4fi) ; To 0.997 gram (4 mmol) of 1,1- 
dimethylethyl l-formyl-2-phenylethylcarbamate, from 
Method A, tinder argon, 10 mL of dry CH2CI2 was added and 
after all the aldehyde has dissolved 10 mL of Caulton's 
reagent was added. The reaction was then treated in a 
manner similar to that described in Example 16 to give 
0-332 g of the desired product with NMR identical to 
that of Example 2B. 




Example* 



HO 



OH 




HN 



N NH 
t-Boc t-Boc 
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Bisfl.l-dimethvlet-hvl^ . ?~ dlhvrfrnyv-i 

butanedivl ) hi sna rhamai- a f 1, 1-Dimethylethyl 2-oxoethyl- 
carbamate was coupled as described in Example 2B to give 
5 from 0.997 grams of the aldehyde 39 mg of the desired 
product. NMR {CDCI3, D20) 1.45 (s, 18H) , 3.2-3.5 (m, 
4H), 3.6 (t, J=10Hz, 4H), 5.15 (m, 2H) ; MS Calcd 321.20, 
F321.29. 

Example* 4 

10 

HO OH 

vV 

HN NH 
t-Boc t-Boc 

Bis a,l-dimftthvlef.hv1 > .l-dihyrii-ovy-i . 4-dlm^t-hyi -i .a. 
butaneriiyDbifififlrbamatft: l, l-Dimethylethyl 2-oxoethyl- 
carbamate was coupled as described in Example 2B to give 
from 0.693 g of the aldehyde 0.342 g of the desired 
product. NMR (CDCI3, D2O) : 1.2 (d, J-lOHz, 6H) , 1.4 
(s, 18H), 3.35 (s, 2H), 3.85 (ra, 2H) , 4.95 (m, 2H) ; MS 
Calcd 34 9.23; F 349.35. 

Examplft ft 

HN NH 
t-Boc t-Bbc 

25 Bis g . l-dimethvlethvl> (2. 3-dihYdroxy-l . 4- n- 

methvlethyl) -1 . 4-butanediYl ) biscarbamate : 1,1- 
Dimethylethyl l-formyl-2-methylpropylcarbamiate was 
coupled as described in Exan^le 2D to give, from 0.845 
g of aldehyde, 0.160 g of the desired product, mp 



15 



20 
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156-159; NMR (CDCI3, D2O) : 1.0 {d, J-IOH2) 1.45 <s, 
18H), 2.0 (m, 2H), 3.2 (t, J-IOH2, 2H) , 3.65 (s, 2H),5.0 
(d, J=10H2, 2H) . 

5 

HO OH 

• HN NH I 
t-Boc t-Boc 

B i s n , 1 -nimpthvi ethvl ) (? . ^-riH . ^. 

methyl propyl ) -i . yi ^^^..h^n,^^-^ . 3.^1. 

0 Dimethylethyl 1-f ormyl-3-methylbutylcarbainate was 

coupled as described in Exan^le 2D to give, from 0 . 933 g 
of the aldehyde, 0.1799 g of the desired product, mp 
152-153, NMR (CDCI3, D2O) : 0.95 (m, 12H) , 1.4 
(s,18H),1.6-1.8 (m, 6H) , 3.2 (s, 2H) , 3.8 (m, 2H) , 4.95 

5 (m, 2H); Elemental Analysis: Cal C:61.08 H:10.25 N:6.48; 
Found C:60.79 H:10.31 N:6.51; Ms Cal 433.33 F 432.96. 




B i a f 1 . 1 -r1 tmethvi pthvi ) 2 . ? » - m . . 2-ri 4 h vri^ovy--] , ?, 

etl] a nfirilYl)-1-hiRfnvT-rnHH^n ^ raT-h^^..1«^-o ^ . 
Dimethylethyl 2-formyl-l-pyrrolidinecarbamate was 
coupled as described in Example 2D to give, from 1.99 
grams of the aldehyde, 1.14 grams of the desired 
product. NMR {CDCI3) 1.45 (s, 18H), 1.6-2.0 (m, 8H) , 
3.35 (m, 2H), 3.45 (m, 2H) , 3.6 (m, 2H) , 3.95 (m, 2H) ; 
MS Calc 401.27 Found 401.34. 
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HO 



HN NH 
t-Boc !-Boc 

5 

B i s (KI-rlliTiPthvlftthvn r7.■W^hyw^^vv-^.4-H^r.>, e nv^-^■4- 
butanedivDM ncagbami3r , fi ; l, l-Dimethylethyl 2-oxoethyl- 
1-phenylcarbamate was coupled as described in Example 2D 
to give, from 1.13 grams of the aldehyde, 0.51 grams of 
1 0 the product which upon crystallization from EtOAc gave 
.089 g of the desired product. NMR (CDCI3, D2O) : 1.4 
(s, 9H), 3.8 (m, 2H), 7.2 (m, 5H) ; MS Calcd 473.27 Found 
473.35. 

Sxamplfi 9 



HO OH 



15 



HN NH 
Cbz Cbz 

Bis fPimethvlethvl) f 2 . . 4- r phenvlmf^^hyi ^ - 

1 , 4--butanedivl ) hi searbama^ a Benzyl 1-f ormyl-2-phenyl- 

20 ethyl carbamate was coupled as described in Example 2D to 
give, from 2.02 grams of the aldehyde, 0.407 grams of 
the desired product, mp 201-205*0; NMR (DMSO-de) 2.7 (m, 
4H), 3.3 (s, 2H), 4.2 (m, 4H) , 7.2 (m, 20H) . Material 
prepared in another similar experiment showed MS Cal 

25 569.27 Found 569.31. 
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t-Boc t-Boc 

Dimethylethyl l-formyl-3-phenylpropylcarbainate was 
coupled as described in Example 2D to give, from 2.86 
grams of the aldehyde, 0.75 grams of the desired 
10 product, mp 174-175''C. NMR (CDCI3, CD3OD) : 1.35 (s,18H), 
1.8 (m, 4H), 2.6 (t, J»10H2, 4H) , 3.4- (s, 2H) , 3.6 (m, 
2H), 7.1 (m, lOH); MS Cal 529.33 Found 529.44. 

Exanmla n 



HO OH 



15 




B i s . l-fliTHPf nvlethvl ) f?. ■W^>.YH^ ^ xv-^ . A- z^- 

Dimethylethyl 1-f ormyl-2- (4-f luorophenyl) ethylcarbamate 
20 was coupled as described in Example 2D to give, from 
2.99 grams of the aldehyde, 1.38 grams of the desired 
product, which upon crystallization afforded 0.172 g of 
a solid mp 189-91«C, NMR (CDCI3, D2O) : 1.3 (2 peaks), 
2.8 (m, 4H), 3.4 (m, 2H) , 3.7 (m, 2H) , 7.0 (m, lOH) ; MS 
25 calcd 537.28 Found 537.41. 
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Example* IP 



HO OH 




5 Bis f 1.1 -dimethyl f>1-hv1^ . ^-Hi h^H^r^^Y-i ■ 1- f ^- 

f l UOrQPhPnvl) methvl ) -1 . 4-hntanf>rti v1 ^ raT-hpm;.l-o ■ 1,1- 
Dime thy lethyi l-formyl-2- (4-iodophenyl) ethylcarbamate 
was coupled as described in Example 2D to give, from 
1.13 grams of aldehyde, 0.66 grams of the desired 
10 product, mp 191-194 NMR (CDCI3) : 1.3 (s, 18H) , 2.8 (m, 
4H), 3.4 (m, 2H) , 3.7(m,2H), 6.95 (d, J-IOH2, 2H) , 7.2 
(m, 4H), 7.55 (d, J-lOHz, 2H) . 

Examplft 13 



1 5 




Bisa.l-riimpl-hvlfti-hvU r2.q-ri^^yH ^>Qvy-^ .4-^4- 

hYdrnXVnhftnvl ) methvl) -1 . 4-h^^^an<>^ rlyl ^H^ ^n^i^y,;,m^i-^ . 

Dimethylethyl l-formyl-2- (4-ben2yloxyphenyl) ethyl- 
20 carbamate was coupled as described in Example 2B to 
give, from 1.42 g of the aldehyde, 0.238 g of the o- 
benzyl protected intermediate. This material was not 
characterized further but was subjected to the following 
conditions to remove the benzyl protecting group. It 
2 5 was dissolved in 20 mL of MeOH:EtOAc 1:1, treated with 50 
mg of 10% Pd/C and H2 gas was bubbled through for 3 . 5 
hour. At the end of this period the reaction mixture 
was filtered through a celite pad and concentrated under 
reduced pressure to yield the crude product which was 
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purified by chromatography over 25 grams of silica gel 
using 1:2 Hex:EtOAc to afford 62.3 mg of the desired 
product, mp 110-112; NMR (CDCI3) 1,35 (s, 18H) , 2.8 (m, 
4H), 3.4 (s, 2H), 3.7 (m, 2H) , 6.7 d,J=15Hz, 4H) , 7.0 
5 (d, J=15H2, 4H) ; MS Calcd 533.29 F 532.82. 



HO OH 




■> 0 N ' - f f 2 . 3-dihvdroxv-l . 4- rT.h>»n v in>^i-hvi ^ -i 4- 

butana^HYl) )t?isfirT^rflTn1(1f : 100 mg (O.2 mM) of bis (1,1- 
dimethylethyl) (2, 3-dihydroxy-l, 4- (phenylmethyl) -1,4- 
butanediyDbiscarbamate, (IS, 2R, 3R, 4S) , from Example 2D, 
was stirred in 2 ml of 4N HCl in dioxane. The dioxane 

1 5 and HCl were removed under vacuum and the residual 

material was taken up in 2 ml of CHCI3, and treated with 
55 microliters of triethylamine and 57 microliters of 
acetic anhydride. The resultant mixture was stirred for 
one hour and was then worked up by diluting with 50 ml 
20 of ethyl acetate, washing the organic layer with IN HCl, 
saturated NaHCOs, and drying the organic layer over 
magnesium sulfate. Filtration and evaporation gave 92.7 
mg of crude product. Preparative plate chromatography 
(with ethyl acetate as the eluant) gave 36.2 mg of 

2 5 product , 

Exanml«> 1 S 



HO OH 




wo 91/18866 



PCT/US9I/03852 



93 

2 . 5-Diaminn~l . 6-diT3henvl-.T . 4-h«»-yan^Hn' o i ris hYH^orhi n^-i ho . 
20 mg of bis (1, 1-dimethylethyl) (2, 3-d±hyclroxy-l, 4- 
(phenylmethyl) -1, 4-butanedlyl)biscarbainate, 
(IS, 2S, 3S, 4S) , from Example 2A, was treated with 2 ml of 
5 4N HCl in dioxane. After stirring for 15 minutes, the 
HCl and dioxane were removed under vacuum. Thin Layer 
Chromatography (1:1, Hexane/Ethyl acetate) showed that 
all of the starting material was converted. Treatment 
with Ninhydrin demonstrated the presence of the amino 
1 0 groups . NMR showed that the Boc groups were gone . 



HO OH 




^ 5 2 . 5-Di flinl no-l . fi-riiPhenv1 -3 . 4-hexanedinT riS hvrH ^ orh 1 oi-i . 
20 mg of Bis (1, 1-dimethylethyl) (2, 3-dihydroxy-l, 4- 
(phenylmethyl) -1, 4-butanediyl)biscarbamate 
(1S,2R, 3R, 4S) , from Example 2B, was treated as described 
in Example 15 . 

20 Example 17 

HO OH 

vV 

H^N NH, 



2 , 5-niflminn-3 . 4-hexanf*di nl Hi hyHT-nrhl oT-i Ha • 20 mg of 
25 Bis (1, 1-dimethylethyl) (2, 3-dihydroxy-l, 4-dimethyl-l, 4- 
butanediyDbiscarbamate from Exeunple 4 was treated as 
described in Example 15. 
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Boc-Tlir<Ala-Tlir.Ala.N N-AIa-Thr-AIa-Thr-Boc 
H H 



da-Thr-AIa-N N-Ala.Thr.Ali 



(PhftnvlTnpt-hvl) -1 , 4-^.11^An^H^ y^^^y^^ ^p ^ ^^ ^ ^^^ ^ . 29.4 mg 
Bis (1, l-dimethylethyl) (2, 3-dihydroxy-l, 4- (phenyl- 
methyl)-l,4-butanediyl)biscarbainate {IS, 2S, 3S,4S) , from 
Example 2C, was reacted with Boc-Thr-Ala-Thr-Ala-O- 
0 Succinamide and triethylamine in 2 ml of acetonitrile . 
Filtration gave 0.1083 g of product which was tested 
without further purification. 



Mannlrnl vfrt rnnrai->» ArtH^f^r^n 
Synthesis of carbamir ar,<rf. / o . :^-H^ hYHi-ovy-i . 4- 

20 fPhftnVlTnPl-hv1)-1.4-W^n^H^y-^)) - V,H.„. H^^n 1, 

d i mftttlYlPf - hYl) PfitPr . (IS, 2R, 3R, 4S) from d-mannitol: 

m a nnitnl ? : a solution of 6.667 g (30 mmol) of 2,3-0- 
25 isopropylidine-D-mannitol 1 (purchased from Aldrich 

Chemical Co.) in 30 mL pyridine was cooled to -20*C and 
treated with 12.582 g (66 mmol) of p-toluenesulfonyl 
chloride and the stirring continued for 20 minutes at - 
20*'C, 20 minutes at 0«*C and 20 minutes at room 



HO 



OH 



1 5 
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temperature. The reaction mixture was diluted with 
dichloromethane and washed with IN HCl and safurated 
NaHCOa. The extract after drying over anhydrous 
magnesixim sulfate was concentrated and the residue 
5 purified (325 g, silica gel column chromatography using 
2:3 EtOAc: Hexane as the eluting solvent) to provide 
10.425 g (66 % yield) of compound 2. This material 
showed NMR (CDC13) : d 1.278 (s, 6H) , 2.458 (s, 6H) , 
3.783 (m, 4H), 4.095 (q, 2H, Jab-10.66H2, Jax=5.67Hz), 
1 0 4.33 (q, 2H, Jab=10.6H2, Jbx-1.98), 7.35 (d, 2H, 
J=1.74Hz), 7.81 (d, 2H, J=1.76Hz). 

1.2.5. fi-niftPQXV-3.4-Q-M flnT^i'npyHrf^n«»>h^van^ 3 . 

A solution of 10.425 g (19.65 mmol) of compound 2 
15 in 200 mL of anhydrous methanol was cooled at O'C and 
treated with 10.86 g (78.58 mmol) of K2CO3. The ice 
bath was removed and the contents stirred at room 
temperature for 20 minutes. The mixture was filtered 
and the filtrate was concentrated. The residue was 

20 dissolved in dichloromethane and the extract was washed 
with water and brine. The residue after removal of the 
solvent was purified (200 g silica gel coltimn using 1:5 
EtOAc: Hexane as the eluting solvent) to provide 2 . 95 g 
(80% yield) of compound 3. This material showed NMR 

25 (CDCI3) : d 1.45 (s, 6H) , 2.4 (q, 2H, Jab-4.94Hz, 

Jax-2.65Hz), 2.86 (q, 2R, Jab-4.94Hz, Jbx=4.2Hz), 3.13 
(m, 2H) , 3.85 (dd, 2H, Ji=2.3Hz, J2=1.4 6) 

1. 6-Diphftnvl-3.4-0-isoT3rQPvlidene-2.5-hexanf>d4r>1 4 ; 
30 A suspension of 9.25 g (45 mmol) of cuprous 

bromide-dimethyl sulfide complex in 40 mL anhydrous 
ether was stirred at -20*'C and 1.8M 50 mL (1.8 M, 90 
mmol) solution of phenyllithium was added dropwise. The 
contents were stirred for 30 minutes at -20°C and then 
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10 



1 5 



25 



30 



warmed up to O^C. A solution of 2.807 g of compound in 
20 mL anhydrous ether was added to the above mixture and 
the contents stirred for 30 minutes at 0*C. The excess 
reagent was quenched with saturated ammonium chloride 
and warmed up to room temperature. The contents were 
then filtered and the filtrate and the washings were 
washed with water and brine. The ether extract after 
drying over anhydrous magnesium sulfate was concentrated 
and the residue was purified (150 g silica gel column 
using 1:5 followed by 1:4 EtOAc: Hexane as the eluting 
solvent) to provide 4.577 g (89%) of compound 4. This 
material showed NMR (CDCI3) : d 1.455 (s, 6H) , 2.7 (q, 
2H, Jab=13.8H2, JAX-7.9H2), 3.15 (q, 2H, Jab=13.8Hz, 
Jbx=2.5H2), 3.75 (m, 4H) , 7.28 (m, lOH) . 



2 ,5-Difl7if1n-1 fi-d1nhf>nv1-,^.4~n-M e»r.,-nr>^rHH^r. ^ >h^v.;,no c; . 

A solution of 900 mg (2.63 mmol) of compound 4, 
2.7 6 g (10.52 mmol) of triphenylphosphine in 20 mL of 
dry tetrahydrofuran was stirred with 250 mg of molecular 
20 sieves 2A at -78«C. 22.9 mL (0.46M, 10. 52. mmol) 

solution of hydrazoic acid in xylene was added to the 
above mixture and stirred for 5 minutes at -78*C. This 
was followed by the addition of 1.66 mL (10.52 mmol) of 
diethylazodicarboxylate . The mixture was then allowed 
to warm up to room temperature in the same bath and 
stirred for 18h. The excess reagents were quenched by 
the addition of 0.4 mL (10 mmol) of methanol at Cc. 
After stirring the mixture for 30 minutes at room 
temperature, it was concentrated to a small volume and 
purified (33 g silica gel column using hexane followed 
by 1:40 EtOAc: Hexane as the eluting solvent) to 
provide 83 6 mg of mixture of 5 and iindesired side 
products. The mixture was difficult to purify at this 
stage and used directly in, the next step . 
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2 r 5-Di fl Zi (iO-l . 6-fi1r.hf=.nv1 /l- H^v>«noH^ ^1 . 

A solution of 570 mg of the mixture (as mentioned 
in the previous experiment) in 5 mL of ethanol and 1.67 
5 mL of water was stirred with 1.67 g of Bio-Rad AG-50-W- 
xa acid exchange resin at 70*0 bath for 18 h. The 
contents were filtered and washed with methanol. The 
filtrate and the washings were combined and 
concentrated. The residue was extracted with 
1 0 dichloromethane and dried over anhydrous magnesium 

sulfate. The residue after removal of the solvent was 
purified (20 g silica gel column using 1:3 EtOAc: hexane 
as the eluting solvent) to provide 102 mg (11% yield 
from 4) of 6. This material showed NMR (CDCI3) : d 2 . 95 
15 (q, 2H, Jab13.7Hz, Jax-7.9Hz), 3.06 (q, 2H, Jab=13.7H2, 
Jbx=6.3Hz), 3.55 (m, 2H) , 3.62 (bs, 2H) , 7.3 (m, lOH) . 

2i5-Dianiino-1 .6-d^r>h#>nvl-^,4-h«>^^n.»ri^r>^ 7 . 

A solution of 67 mg (0.19 mmol) of 6 in 4 mL of 

20 methanol was stirred with 30 mg of 10% palladium on 
carbon under 1 atmospheric hydrogen pressure for 18 
hours at room temperature. The mixture was filtered 
through a 0.45 micron Millipore filter and the residue 
washed with methanol. The filtrate and the washings 

25 were concentrated to provide 45 mg (79% yield) of 7. 

This material showed NMR (CDCI3) : d 2.64 (m, 8H) , 7.283 
(m, lOH) . 

2 . 5- (N, N-ni -rert-but.OXVCarbonvl) diaminn~1 . 6-diph«:.nv-^ . d- 

30 hexanftriini fl: a solution of 45 mg (0.015 mmol) of 

compound 7 in 2 mL of absolute ethanol was stirred with 
152 mg (0.58 mmol) of N- ( tert-butoxy- 
carbonyl) phthalimide for 18 hours at room temperature. 
The reaction mixture was diluted with 20 mL water and 
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extracted with three 20 mL portions of dichloromethane . 
The dichloromethane extract was washed with 0.3N NaOH 
and brine. The residue after removal of the solvent was 
purified (33g silica gel coulmn using 7% isopropanol in 
5 hexane as the eluting solvent) to provide 26 mg of pure 
and 12 mg of slightly contaminated 8 (total yield 51%) . 

This material has identical spectral data with the 
compound described in Example 2B. 

Q Example -igR 

ft l r . firnariYf- ffynthftfli , '^ of Procinrr of Fv^n^i^ ^^^^ p- 
Mannil-n1 vVa riipr-a^ f> AHrf-{4-^qn 
{2S, 3R, 4J?, 55) -1, 2, 5, 6-Diepoxy-3, 4-0- 

(isopropylidene) hexane 1: This compound was prepared 
15 following the literature procedure (Y. L. Merrer et al, 
Heterocycles, 25, 541, 1987) . This material showed NMr' 
(CDCI3): d 1.45 (s, 6fl), 2.4 (q, 2H, J^b = 4 . 94Hz, J^x = 
2.65H2), 2.86 (q, 2H, J^b = 4.94Hz, Jbx - 4.2H2), 3.13 
(m, 2H), 3.85 (dd, 2H, Ji - 2.3H2, J2 - 1.46) 

20 

(2S, 3R, 4R, 5S) -1, 6-Diphenyl-3, 4-0-isopropylidene-2, 5- 
hexanediol 2: A suspension of 18.5 g (90 mmol) of 
cuprous bromide-dimethyl sulfide complex in 80 mL 
anhydrous ether was stirred at -20*C and 1.8 M 100 mL 
(1.8 M, 180 mmol) solution of phenyllithivim was added 
dropwise. The contents were stirred for 30 minutes at - 
20"* C and then warmed up to 0« C. A solution of 5.614 g 
of compound in 40 mL anhydrous ether was added to the 
above mixture and the contents stirred for 30 minutes at 
30 0* C. The excess reagent was quenched with saturated 
ammonium chloride apd warmed up to room temperature. 
The contents were then filtered and the filtrate and the 
washings were washed with water and brine. The ether 
extract after drying over anhydrous magnesium sulfate 



25 
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was concentrated and the residue was purified ( 325 g 
silica gel column using 1:10 followed by, 1;5 followed by 
1:4 EtOAc: Hexane as the eluting solvents) to provide 
8.035 g (78 %) of compound 2 This material showed NMR 
5 (CDCI3): d 1.455 (s, 6H), 2,7 (q, 2H, Jab = 13,8H2, Jax 
= 7.9Hz), 3.15 (q, 2H, Jab = 13.8Hz, Jbx = 2.5Hz), 3.75 
(m, 4H) , 7 .28 (m, lOH) . 

12S, 3R, 4R, 5S) -2 , 5-Diazido-l, 6-diphenyl-3, 4-0- 
10 (isopropylidene) hexane 3: A solution of 16.781 g (49.00 
mmol) of compound 2, 38.6 g (147 mmol) of 
triphenylphosphine in 300 mL of dry tetrahydrofuran was 
cooled in an ice bath and 23.1 ml (147 mmol) of 
diethylazodicarboxylate was added to the stirred mixture 
15 behind shield. 31.7 mL (147 mmol) of 

diphenylphosphorylazide (Caution - this reagent should 
be stored at 0° C and handled with care. Some azides 
may be explosive!) was added to the above mixture and 
the contents were further stirred at 0° C for 5 minutes. 
2 0 The mixture was then allowed to warm up to room 

temperature in the same bath and stirred for 1 h. TLC 
in 1:5 ethyl acetate/hexane indicates disappearance of 
compound 2 and formation of 3. The excess reagents were 
quenched by the addition of 6.0 mL (150 nraiol) of 
25 methanol at 0* C. After stirring the mixture for 3 0 
minutes at room temperature, it was concentrated to a 
small voltime (NOTE: do not concentrate to the extent 
that solids separate. Also small amount of 
dichloromethane is needed to keep the contents in 
30 solution while loading on silica gel coliamn. Use of 
more than necessary amount of dichloromethane results 
inefficient separation.) and purified [800 g silica gel 
column using hexane (500 mL) followed by 1:40 EtOAc : 
Hexane (1000 mL) and finally 1:20 ethyl acetate/ hexane 
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elutes the desired compound (3000 mL) ] to provide 
15.523g of mixture of 3 and undesired side products. 
The mixture was difficult to purify at this stage and 
used directly in the next step. 

(2S, 3R, 4R, 5S) -2 , 5~Diamino-l, 6-diphenyl-3, 4-0- 
{isopropylidene)hexane 4: The above material (15.523g) 
was divided in 3 equal portions and each portion 
dissolved in 75 mL absolute ethanol, flushed with 
nitrogen and each portion stirred with 1.5g of 10% 
palladivim on carbon under hydrogen (hydrogen balloon) 
for 18h. TLC 1:10 ethyl acetate/hexane solvent 
indicates disappearance of starting material. (If 
incomplete add 0.5g of 10% palladium on carbon and stir 
under fresh balloon of hydrogen) . Combined yield of 
12.516 g was obtained. 



(2S, 3R, 4R, 5S) -2, 5- (N- (Benzyloxy) carbonyl) diamine) -1, 6- 
diphenyl-3,4-0-(isopropylidene)hexane 5: A solution of 
20 13.67g (40.2 mmol) of compound 4 in 100 ml 

dimethylformamide was stirred in ice-bath and treated 
with 21.93g (88 mmol) of 

benzyloxycarnonyloxysuccinimide. The ice-bath was 
removed and the contents were stirred for 18 hours at 

25 room temperature. The excess reagent was quenched by 
treatment with 0.61 ml (10 mmol). The contents were 
diluted with water and extracted with dichloromethane 
(3x of ethanolamine . The mixture after complete removal 
of solvents was purified (500g silica gel colximn using 

30 1:5 followed by 1:4 EtOAc : Hexane ) to provide 20.4 57g 
(83.6% yield) compound 5. 

(2S, 3R, 4R, 5S) -2, 5-Di- (N- ( (Benzyloxy) carbonyl) amino) -3, 4- 
dihydroxy-1, 6-diphenylhexane 6:A solution of 20.457g 
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(33.61 mmol) of compound 4 in 50 ml 90% aqueous 
trifluoroacetic acid was stirred in ice-bath and then at 
room temperature, for 18h. The reaction mixture was 
poured with stirring in 560 ml of IM ice-cold sodium 
5 hydroxide and then rest of the trifluoroacetic acid was 
quenched with sat. sodixam bicarbonate. The precipitated 
solid was filtered dried under vacutam and crystallized 
from chloroform to provide 15.02g (77% yield) of 
compound 6 (M. P. 209-210).. 

1 0 

(2S, 3R, 4R, 5S) -2, 5-diamino-3, 4-dihydroxy-l, 6- 
diphenylhexane 7:A solution of 10.432g (18.3 6 mmol) of 
compound ,6 in 500 ml THF and 500 ml ethyl alcohol was 
stirred with 1.043g of 10% palladium on carbon at room 

1 5 temperature . for 18h over 1 atmosphere hydrogen 

pressure. The mixture was filtered through celite pad 
and the filtrate was concentrated to provide 6.06g ( 
yield) of compound 7, The oil was triturated with 
diethyl ether and the white solid was filtered and 

20 washed to provide pure 7 (M. P. 92-94). 

Exainp1*> lOr 

Alt.ftrna1-1Vf> Synthesis ef AyHT-Srf4n«> T>yneixtni- Ejcampl^ ?R 

25 From D-Mnnnitnl Vifi Biszairidtne Tnh.^T-m^Hi 

If 6-Di (N. - fbenzvloxvrarbonvl) aminos -9 . 5-dihvdrr .xv-,^ , 4-n- 
fisoprnnvHri<=>nA^h*»vangri4nl ft. In a 250 mL Round Bottom 
Flask was'placed 20 mL of IM (20 mmol) of Lithium Bis 
3 0 (trimethylsilyl) amide and the contents cooled in ice 
bath and 1.87g(10 mmol) of diepoxide 1 in 3 ml of THF 
was added to the above mixture and the contents were 
stirred for 18h while allowing the contents to warm up 
to room temperature. It was cooled back in an ice-bath 
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and quenched with 20 ml (20 mmol) of IM HCl in anhydrous 
ether. it was stirred for 5 minutes and then treated 
with 40 mL of IM tetrabutylanunonium fluoride in THF at 
0 C and then immediately warmed-up to room temperature 
and stirred for additional 2 hours. It was then cooled 
to 0« C and then treated with 5 . 98g (24 mmol) of N- 
(benzyloxycarbonyl)succinimide, stirred for 15 minutes, 
ice-bath was removed and the contents stirred at room ' 
temperature for 18h. It was concentrated and the 
residue dissolved in dichloromethane and the extract 
washed twice with water and once with brine. The 
residue after removal of dichloromethane was 
chromatographed (130 g silica gel, 2:3 followed by 1:1 
ethyl acetate/hexane) to provide 2.44g (yield 50%) of 8. 

(2S.3Rr4R.Sri>-1 ?:5,fi-m w'-n^>,o»,y1n v^^'*^H^"Y^ ^^^^^- 
3, 4-0- fi fioprnnvUH^n^^ ho^a»^^^^1 c^ . In a 500 mL Round 
Bottom Flask was placed 12.147g (24.89g mmol) of above 
compound, 15.669g (59.7 mmol) of triphenylphosphine 
and dissolved in 150 mL of anhydrous THF. To the above 
mixture was added 9.40 mL (59.7 mmol) of diethyl 
azodicarboxylate and refluxed for 30 minutes under 
nitrogen. TLC indicated completion of the 
reaction (10:1: 10 ethyl acetate/ ethyl alcohol/ hexane 
25 and 1:2 ethyl acetate/ hexane). It was concentrated to 
a small volume and chromatographed (325 g silica gel 
column, 1:3 followed by 1:2 ethyl acetate/ hexane as the 
eluting solvent) to provide 7.147g ( yield, 64 %) of 
compound 9. 



10 



15 



20 



30 



f 2S , r 4R , 5S) r f)-Di fN- ( fhenrvl nxv^ narhnn^l ^ di ^mH nn^ - 
1 . S-riiphf-nv l -.l , 4-0- ( isnnmnvH rl^n^\ hi^v^no r . m a 50 mL 
R. B. Flask under nitrogen cind in a glove bag was placed 
1.37g (6.66 mmol) of cuprous bromide-dimethylsulf ide 
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complex and suspended in 2 mL ether and cooled to -20* C 
and 6.66 mL (13.33 mmol) 2M solution of phenyllithium in 
70:30 cyclohexane/ ether was added dropwise to the 
mixture at -20* C. The mixture stirred at -20* C for 30 
5 minutes and then warmed to 0* C. 754 mg of above 

bisaziridine derivative in 2 mL ether and 6 mL THF was 
added to to the mixture at 0* C and stirred for 30 
minutes at 0* C. TLC in 1:3 ethyl acetate/hexane 
indicated disappearance of the starting material. The 
1 0 excess reagent was quenched with saturated ammonium 

chloride, the mixture filtered, diluted with 20 mL of 
water and extracted with 2X25 mL of dichloromethane . 
The mixture was chromat graphed (33g silica gel column 
and 1:5 ethyl acetate/ hexane as the eluting solvent) to 
15 provide 475mg (47 %) of 5. This intermediate is 

identical to compound 5 of Exan^sle 19B from which the 
final compound cam be prepared according to the route 
provided by that Example. 

2 0 Examples 20 and 21 



Example 20 

Svnthftflifl of ?.5-(N.N'-2-Pvridvlaretvl-T.-TlA>diaTnTnn- 

l>6-rt1rrinny1-3M-hft«anftf11n1 : 

25 




Example 21 

Synthesis of 2. 5- fN-2-Pvridyl-L -lle.N'-2-pvridvl-n- 
3 0 lie) diamino-l . 6-diphenvl-3 . 4-hexanediQl : 
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10 



15 



20 



25 




step 1: 2-Pyridylacetyl-Ile allyl ester 
H O 




2-PYrirtYlflcetv1-T1f» aiwi ^.,.1-0^ . a mixture of 1.717 g 
(5 mmol) pyridylacetic acid hydrochloride, 868 mg (5 
mmol) of isoleucine allyl ester p-toluene sulfonate 
salt, molecular sieves 4*' A type in dimethylformamide 
were stirred at 0*»C and 1.74 ml (10 mmol) of 
diisopropylethylamine was added to generate free amines . 
After stirring the contents at O^C for 15 minutes it was 
treated with 1.23 g (6 mmol) of dicyclohexylcarbodiimide 
and the contents were warmed up to room temperature. 
The mixture was stirred for 18 h, filtered and the 
residue purified (130 g, silica gel column 
chromatography using 1:1 EtOAc:hexane as the eluting 
solvent) to provide 712 mg (49% yield) of 
2 pyridylacetyl-Ile allyl ester. This material showed 
NMR (CDCI3) : d 0.87 (d, 3H, J-6.9Hz), 0.894 (t, 3H, 
J=7.4H2), 1.15 (m, IH), 1.42 (m, IH) , 1.92 (m, IH) , 4.6 
(m, 3H), 5.2-5.7 (m, 2H) , 5.85 (m, IH) , 7.25 (m, IH) , 
7.668 (d X t, IH, Ji=3.84, J=7.7H2), 8.01 (bm, IH) , 
8.577 (bd, IH) . 
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Step 2: 2-Pyridylacetyl-lle 




5 2-PyrlTly l flf;fitYl ~T1 P ; A mixture of 276 mg (0.95 nunol) of 
2-pyridylacetyl allyl ester in 2 ml of 1,4-dioxane was 
stirred at room temperature and 1 ml of 1.0 N sodium 
hydroxide was added in three equal portions after 15 
minute intervals and the contents were stirred at room 
10 temperature for a total of 2 hours. The mixture was 

neutralized with addition of 1.0 ml (1 mraol) of IN HCl . 
The mixture was diluted with 5 ml water and extracted 
with dichloromethane . The aqueous layer was saturated 
with solid sodium sulfate while stirring with 20 ml of 
1 5 chloroform. The combined organic extracts after removal 
of solvents provided 174 mg (74% yield) of 2- 
pyridylacetyl-Ile . This material showed NMR (CDCI3) : 
d 0.927 (d, 3H, J=6.8Hz), 0.927 (t, 3H, J-7.3Hz), 1.05- 
2.0 (bm, 3H), 3.872 (AB, 2H, Jab=13.8Hz), 4.53 9 (d 
20 x d, IH, J1-5.2IHZ, J2=8.22 Hz), 7.32 (d x d x d, IH) , 

7.52 (bm, IH), 7.785 (d x t, IH, Ji=7.71Hz, J2-I.8HZ), 

8.53 (d X d X d, IH) . 

Step 3: A solution of 101 mg (0.336 mmol) of 2,5- 
25 diamino-1, 6-diphenyl-3, 4-hexanediol and 168 mg (0.67 

nmiol) of 2-pyridylacetyl-Ile in 5 ml of dichloromethane 
was stirred with 25 mg of molecular sieves and 166 mg 
(0.8 mmol) of dicyclohexylcarbodiimide at room 
temperature for 18 h and filtered. The residue after 
3 0 removal of solvent was purified (33 silica gel column 
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using 4%, 7% and 10% methanol in chloroform) to provide 
4 6.5 mg (18%) of desired coupled product and 39.5 mg 
(15.3%) of a diastereomer to which was assigned 
structure 21 based on the spectral data. The compound 
5 of Example 20 had C-2 symmetry and showed I3c NMR 
(CDCI3) : d 11.452, 15.643, 24.242, 35.975, 38.200, 
44.912, 52.358, 58.680, 72.775, 122.273, 124.083, 
126.171, 128.200, 129.299, 137.291, 138.056, 149.138, 
149.138, 155.166, 169.740, 171.149. The compound of 

1 0 Example 21 had no C-2 symmetry and showed twice the 

n\imber of 13c NMR resonances (CDCI3) ; d 11.454, 11.572, 
14.380, 15.669, 24.234, 26.144, 35.891, 36.354, 38.102, 
38.241, 44.837, 44.863, 52.504, 52.699, 57.485, 58.802, 
72.897, 73.037, 122.197, 122.293, 124.065, 124.118, 

15 126.140, 126.241, 128.220, 128.267, 128.381, 129.310, 
137.209, 137.292, 138.121, 138.186, 149.167, 149.190, 
155.205, 155.253, 169.673, 169.853, 171.319, 171.596. 

20 

Improved Method f n rmipift rtoti y rtafl ^ gym-h^^flH « 
CompQimd n-P Bvampi a 9 

Bis fPimftf hvl ethvl ) <? . ^-Hih..rir-r.vY-1 . 4- fr^h^T^yl m^.l-hyl > - 

25 1 . 4-bnl-anedi v1 > h^ s^ai-Ham^i-*> • 

step A; Preparation gf Y(C l )2 .i3aEla. v(ci)3 (Aidrich, 

25g) was added to 400 mL argon-sparged THF and the 
suspension heated to reflux under air-free conditions - 
3 0 After 24 hours, the mixture was cooled to room 

temperature and filtered under rigorously air-free 
conditions (schlenkware, glove bag or dry box) , rinsed 4 
times with 50 mL pentane, transferred to a schlenk tube 
and evacuated at 0.1 torr for 1 hour. 
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The tris-THF adduct is a brigHt salmon color, 
between pink and red. If caution is taken to avoid 
exposure to air, this material can be kept for months in 
a schlenk tube. On very brief exposure to air, however, 
5 the material turns to dusty orange, then tan, and must 
be discarded. 

Step B ; Prepflrati'Qn nf ?in«m . Zinc-copper couple was 
prepared following the procedure of Fieser and Fieser^ 

10 (L. Fieser amd M. Fieser, Bfijaafizita_fQr_Qxaaili£: 

Svnt . hPiffiff , Volume I, pp. 12 92-1293, Wiley, New York, 
1967), except that filtration with schlenkware was used 
instead of decanting solvent. The use of a glovebag or 
drybox would be equally satisfactory. Also, solvents 

1 5 were sparged with argon for 30 minutes before use . A 
free-flowing black powder with few cliimps was isolated. 
This material reduced V(III) to V(II) in dichloromethane 
within 10 minutes, whereas the use of commercial zinc 
dust or activated zinc required several hours and 

20 frequently did not provide the color change 

characteristic of complete reduction (see below) . 

Step C: CounUn^ PT-nf'«>rtnr-fa VCI3 (THF) 3 (1.32g, 3.53 
mmol) was weighed into an argon-filled 35 mL RBF using a 

25 schlenk tube. Zinc-copper couple (138 mg, 2.12 mmol), 

weighed quickly in air, was added. The flask was fitted 
with a dropping funnel previously filled with argon and 
the two solids were stirred vigorously. Dry 
dichloromethane (8 mL) was added via the funnel, and the 

30 mixture was stirred for 10 minutes, by which time it had 
turned deep green with suspended black. 



1/ 1-Dimethylethyl 1-f ormyl-3-phenylpropylcarbamate 
{l.OOg, 3.53 mmol), freshly prepared by Swern oxidation 
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of the requisite alcohol, was added over 2-3 minutes in 
4 mL dichloromethane . Stirring at room temperature and 
following by TLC (50% EtOAc/hexane) indicated complete 
loss of aldehyde starting material after 1.5 hours. 

5 

Notes: after addition of CH2Cl2r rigorous 
exclusion of air is necessary; before addition, 
exercise reasonable care. When exposed to even 
small amounts of air, the reduced material rapidly 
1 0 oxidizes to a deep wine-red. If this happens, 

discard the reaction and start over. 

If the characteristic deep green color — best seen 
by holding a white sheist of paper behind the flask 
1 5 and looking at the gas-aolvent interface — does not 

appear within 10-30 minutes, it is best to discard 
the reaction and re-prepare the reagents. 

The reaction mixture was poured into a separatory 
20 funnel containing 50 mL dichloromethane and 100 mL 10% 
aqueous disodium tartrate (IN HCl can be used if acid- 
sensitive functionality is not present). After gentle 
shaking, separating, and washing the aqueous layer two 
times with 25 mL dichloromethane, the combined organic 
25 layers were washed with saturated sodium bicarbonate and 
dried with magnesivim sulfate. Solvent was removed, the 
crude solid was taken up in minimum CHCI3, and 0.5 
volumes hexane added. On sitting overnight, copious 
white crystals formed. Isolated 0.62g (62%) product 
30 diol, 202-204<»C. Spectral data are consistent with 
the assigned structure. 
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Sxamplfiff ?4--9fi 

Examples 24-98 were prepared by one of the methods 
5 described below. The method of preparation and physical 
data are shown in Table I. 

MethQf i ?C fConplina of A1 rl^hYrt^ct\ . The improved coupling 
method, exemplified in Step C of Example 23, was used to 
1 0 prepare a number of the compounds shown in Table I . 

Mer . hnri 1 fHvdrnapnation n-f si s-w-rT j z-n-faTn-inodlni «v • The 
(bis-N-CBZ)-diaminodiols obtained either by vanadium 
coupling reaction or D-mannitol route can be 
1 5 hydrogenated and further elaborated at the amine 

residues. Table I shows exan^les prepared via this 
route . 

SvnthftSi.S of Cnmnminri nf Fxamp1f> ^Q . m a 200ml R.B. 

20 Flask a suspension of 3 . 432g<4 . 32mmol) of the above 
intermediate in 25ml ethanol and 25ml methanol was 
stirred with a suspension of 343mg 10% palladium on 
carbon under 1 atmospheric hydrogen pressure at room 
temperature for 18 hours. The suspension of starting 

25 material went into solution. The mixture was filtered 
through a celite pad and and the residue washed with 
ethanol. The filtrate and the washings were 
concentrated and the residue purified (130g silica gel 
column using first 3% and finally 6% methanol in 
3 0 chloroform as the eluting solvent) to provide 
1.848g(81.3%) of 39 as a white solid. 
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Method 4 f f!r,iip1 iner nodiol « w The diamines 

obtained via Method 3 can be further elaborated- by 
reaction with various electrophiles . Some preferred 
reaction conditions that provide active compounds are 
given below. Many other conditions and reagents can, of 
course, be employed. 



4A; Di^■vr^^hpyvlcarhr>d^^m^H^ /nrr^ r^o^pUng 

1 0 

Dicyclohexylcarbodiimide (DCC) coupling in the presence 
l-hydroxybenzotriazole hydrate was carried out according 
to standard procedure in peptide synthesis. A 
representative synthesis is described below. 

15 

SvnthftRls of r.oninQiinH ITxanmli^ A SOlution Of 101 

mg (0.336 mmol) of 2, 5-diamino-l, 6-diphenyl-3, 4- 
hexanediol, lOBmg (08 mmol) of l-hydroxybenzotriazole 
and 168 mg (0.67 mmol) of 2-pyridylacetyl-Ile in 5 ml of 

20 dichlorome thane was stirred with 25 mg of molecular 

sieves and 166 mg (0.8 mmol) of dicyclohexylcarbodiimide 
at room temperature for 18 h and filtered. The residue 
after removal of solvent was purified ( 33 g silica gel 
column using 4%, 7% and 10% methanol in chloroform) to 

25 provide 86mg (33% yield) of 26. The compound has C-2 
symmetry and showed '^^C NMR (CDC13) : d 11.452, 15.643, 
24.242, 35.975, 38.200, 44.912, 52.358, 58.680, 72.775, 
122.273, 124.083, 126.171, 128.200, 129.299, 137.291, 
138.056, 149.138, 149.138, 155.166, 169.740, 171. 

30 

4B: BOP Coup liner 

BOP-Benzotriazol-l-yloxytris (dimethylamino) phosphonium 
hexaf luorophosphate coupling was carried out according 
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to the procedure by B. Castro si. aJL. (Tetrahedron 
Lett., 1975, 14, 1213-1222). A representative synthesis 
is described below. 

5 SvnthRRia of Cnmpound nf Exampi^a «i ♦ BOC-Thiozolidine-4- 
carboxylic acid {0.94g; 0.40 mmol) and 
[NH2CH (isopropyl) -C (O) -NH-CH (B2I) -CH (OH) -] 2 (0 . IQOg; 
0.20 mmol) were dissolved in 10 ml of DMF, and BOP 
(0.177g; 0.4 mmol) and triethylamine (0.056 ml; 0.40 
10 mmol) were added in aliquots to maintain a pH of 7-8. 

The reaction was stirred for 18 hours . The residue after 
removal of solvent was purified by column chromatography 
on Sephadex LH-20 in methanol to provide 81 as amorphous 
solid (0.137 g) . FAB/MS calculated for C46H68N6OIOS2 
1 5 (928.44). Found 929.64 (M + H) . 

4C: Carbanvldi imifif^^r.r>^t> nnnpTing 

Svntheaia nf rnTtmniinH »f Rxampl^ flft • N-MSOC-isoleucine 
20 (3 93 mg, 2.1 equivalents) was dissolved in THF; added 
carbonyldiimidazole (227 mg, 2.1 equivalents) at room 
temperature. Stirred until TLC showed loss of starting 
material. The reaction mixture was diluted with 
chloroform and 10% aqpjeous di sodium L-t art rate was 
25 added. The layers were separated and the aqueous layer 
washed Ix with chloroform. Washed combined organic 
layers with saturated aqueous sodium bicarbonate and 
brine, dried with magnesium sulfate, filtered and 
removed solvent to obtain 540 mg white solid. 
3 0 Recrystallized from hot chloroform/hexane to obtain 343 
mg fine white crystals; NMR consistent with 88. Melting 
point 222-225''C (dec) . 
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1 0 



4D; N-Hvclrnyvsunr-jnimirt^ g«fo.p nnnni^n^ 

N-hydroxysuccinimide esters, available from Sigma 
Chemical Company or Advanced ChemTech, were used. 

SynthfiSlFi Qf Compound of F.vampl^ fl^ . In a 300ml R.B. 
flask a solution of 6.000g (20mmol) of diamino diol in 
60ml of dimethyl formamide was cooled in an ice bath. 
The mixture was treated with 14.070g (44mmol) of Z- 
Isoleucine succinimide ester (available from Sigma 
Chemical Company or Advanced ChemTech) and stirred at 
room temperature for 18 hours. A precipitate had formed 
and was dissolved by adding one liter of chloroform. 
1 5 The mixture was then washed with water and the organic 

layer separated, dried over magnesium sulfate, filtered, 
and concentrated. The residue was dissolved in one 
liter of chloroform and the hexane added to precipitate 
out the desired product; however, after filtration the 
20 solid was contaminated with N-Hydroxysuccinimide . It 

was further purified (750g silica gel column using first 
1% followed by 1.5% methanol in chloroform as the 
eluting solvent) to provide 9.723g (61.2%) of 89. 

25 ^ p-Nltrophenvlestftr Ccupiiny 

(1) With hydroxybenzotriazole hydrate: 



30 



SvnthftSif? Qf r.omnound of Fyanmi^ Q? . Diaminodiol of 
example 63 (250 mg, 1.0 equivalent), was dissolved in 5 
mL DMF and N-CBZ-asparagine-p-nitrophenylester (373 mg, 
2 equivalents, Sigma Chemical Company) and 1- 
hydroxybenzotriazole hydrate (135 mg, 2 equivalents) 
were added and the mixture was stirred overnight. The 
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reaction mixture was triturated with THF for one hour, 
the solid was filtered off, washed with THF and 
chloroform, and collected to obtain 400 mg white 
crystals. NMR of the material is consistent with the 
5 structure . 

(2) Without hydroxybenzotriazole hydrate: 

SvnthR.si.s of Cninnound of RxampiP gn .ni am^ n/^H-i ^i of 
10 example 15 (200 mg, 1.0 equivalent) was dissolved in 5 
mL DMF and N-CBZ- (d) -phenylalanine-p-nitrophenylester 
(332 mg, 2 equivalents, Sigma Chemical Company) was 
added and the mixture was stirred overnight. One volume 
of water was added, the solid was filtered off and 
1 5 washed with 1 : 1 water/DMF, then with water and finally 
with ether, and collected to obtain 320 mg white 
crystals. NMR showed the material to be consistent with 
the structure. 

20 4F: Condensaf ion With T aQ^yana^«>58 

Synthesis of nnmnnimri Eicampl^ fi7 • m a 500ml R.B. 

Flask, 2.500g (4.75mmol) of the above intermediate in 
100ml dimethylformamide was cooled in an ice bath. The 

25 mixture was treated with 1.29ml (10.45mmol) of benzyl 
isocyanate via syringe and the mixture allowed to warm 
to room temperature where a precipitate started forming 
within 5 minutes. Within 30 minutes 100ml more 
dimethylformamide was added to aid stirring. After 

30 stirring the mixture at room temperature a total of 2 

hours the mixture was filtered and the solid washed with 
first dimethylformamide and then chloroform. The solid 
was transferred and dried to provide 3.230g (85.7%) of 
67 as a white solid. 
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Epoxides can be condensed with diaminodiols . A 
5 representative exan^jle is given below. 

Svnthenlfs of Cnmnound nr P.v;.Tnpio ni . The corresponding 
epoxide was prepared from l-adamantyl bromomethyl ketone 
by reduction with sodium borohydride in absolute ethanol 

1 0 and treatment with potassiiam tert-butoxide . The 

adamantyl ethylene oxide was reacted with [KH2-Val- 
Phe[CH(OH)-] 12 in methanol refluxing at 70 degrees 
Celsius overnight and chromatogrammed using Sephadex 
LH-20 column. (2 equivalents of oxide was used for 

1 5 every 1 equivalent of diol) . 
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Tables II to XVI Include additional preferred 
embodiments of the invention. However, these 
embodiments are not exemplified herein. 
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{CH3) 3C 


(CH3) 3C 
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2-thiophenvl 
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HS(CH2>4 
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PhCH? 
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4- (benzvlojcy) benzyl 


141 


PhCHa 


PhCH2 


aulf onvl) benzyl 


3- (methane- 




PhCH2 
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3, 4-inethylene- 


3, 4-niethylene- 






PhCli2 


CF, 
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PhCH2 
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PhCH2 


PhCH2 
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{4-CF3)C6H4CH9 


(4-CF3)C6H4CH9 


PhCH2 


PhCH2 


149 


2-C5H5NCH2 
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PhCH2 
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(CH3)2C-CHCH? 


(CH3>2C-CHCH? 


PhCHs 


PhCH? 
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4 - r SO2NH2 J C 6H 4 CH2 


4-tS02NH2JC6H4CH'> 


PhCH2 


PhCH? 
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PhCHs 


CH3CH2CH2 


CH3CH2CH? 
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(CH3>3C 


(CH3)3C 


CH3CH2CH2 


CH3CH2CH2 
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4-[S02NH2]C6H4CH2 


4-[S02NH2)C6H4CH2 


CH3CH2CH? 


CH3CH2CH2 
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— f HO OH 



HN NH 



EX. 
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(CH:?)-?cc(-o) 

H-Val-Val 

Boc-Ser-Ala-Ala 
H-Ala-Ala 
H-Val-Ser-Gln-Aan 
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(CH-^)^CC{-0) 

Val-Val-OH 
Val-Val-OH 
Val-Val-OMe 

Val-Val-QMP. 

Ile-Val-OH 
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2 -pvridvlacot vl-Leu 
2-pvxidvlacetvl-Gln 
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phenvlacetvl-Gln 
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ohenvlacetyl-Val 


Phenvlacetvl-Val 
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phenvlacetvl-Leu 
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Quinoline-2-carbonvl-Asn 


cminoline-2~carbonvl~A3n 
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auino line-2 -carbonvl-Gln 
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Quinoline-2-carbonvl-Leu 


Qruinoline-2-earbenvl-Va 1 
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2-naphthovlH31n 


2-naphthovl-Ile 
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2-naphthovl-Ile 
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2-naphthovl-Ile 




203 


2-naphthovl-Val 


2-naphthovl-Ile 


204 


c vc lohexvlacet vl- Asn 




205 


cvc lohexvlacet vl- He 




206 


cvclohexvlacetvl-Asn | 
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Standard procedures were used for detecting and 
comparing the activity of the compounds of this 
invention. The results are summarized in Table Vll. 

Cell Free Prot-ftasf* Tnh^>^^^^ r»n AQ«ay 
Materials: 

HIV aaa polyprotein corresponding to all of pl7 and 
78 amino acids of p24, produced by In vitro translation 
using rabbit reticulocyte lysate and mRNA prepared in 
vitro from plasmid encoding full length gag polyprotein 
linerized with the restriction enzyme Pst 1. (See S. 
Erickson-Viitanen £t ai.. Aids Research and Human 
Retroviruses, 5 (6), 577 (1989) for plasmid 
construction, and basis for assay) . 
15 Source of protease: Either (A) crude E. coli 

lysate of bacteria harboring a plasmid containing HIV 
protease under the control of the lae promoter, used at 
a final concentration of 0.5 mg/ml, or (B) inclusion 
bodies of E. coli harboring plasmid containing HIV 
protease under the control of the T7 promoter (Cheng ei. 
ai.. Gene, in press (1990). Such inclusion bodies were 
solubilized in 8 M urea, 50 mM Tris pH 8.0. Protease 
activity was recovered by dilution of the inclusion 
bodies 20-fold in buffer containing SO mM Sodium 
25 Acetate, pH 5.5, ImM EDTA, 10% glycerol and 5% ethylene 
glycol. This protease source was used at a final 
concentration of 0.00875 mg/ml. 

Inhibitory compounds were dissolved in sufficient 
DMSO to make a 25 mM stock concentration. All further 
3 0 dilutions were done in DMSO. 

Set Up Into sterile test tubes were placed the 
following: 

1 uL inhibitor dilutions 
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14 ul HIV protease in Phosphate Buffered 
Saline (Gibco) 

5 ul of in vitro translation products. 
Reactions were incubated at SCC, then quenched by 
5 the addition of Sample buffer. See U. K. Laemmli, 
Nature, 1970, 227:680-685. 

One fourth of each sample was analyzed on an 8-16% 
gradient denaturing acrylamide gel (Novex, Inc) , 
according to Laemmli. Following electrophoresis, gels 
1 0 were fixed, impregnated with Enhance <Du Pont NEN, 
Boston, MA) and dried according to manufacturers 
instructions (NEN) . Dried fluorographs were exposed to 
film and/or quantitated using an Ambis radioanalytic 
scanner. 

1 5 Each group of test compounds was compared to the 

values obtained for pepstatin, a well known inhibitor of 
acid proteases. Inhibitory concentration for 50% 
inhibition (IC50) is determined from plots of log 
concentration inhibitor versus % inhibition of protease 

20 activity. 

Biological Activity: IC50 is the concentration 
necessary for reducing the activity of the enzyme by 
50%. 

HIV YIELD REDUCTION CELL ASSAY 

25 Materials: 

MT-2, a human T-cell line, was cultured in RPMI 
medium supplemented with 5% (v/v) heat inactivated fetal 
calf serum (FCS) , L-glutamine and gentamycin. Human 
immunodeficiency virus strains, HIV(3B) and HIV(Rf) were 

3 0 propagated in H-9 cells in RPMI with 5% FCS. 

Poly-L-lysine (Sigma) coated cell culture plates were 
prepared according to the method of Harada fit al - 
(Science 1985 229:563-566). MTT, 3- (4, 5-dimethyl- 
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thia201-2yl)-2,5-diphenyltetrazolium bromide, was 

obtained from Sigma. 

Method: 

Test compounds were dissolved in dimethylsulf oxide 
5 to 5 mg/ml and serially diluted into RPMI medium to- ten 
times the desired final concentration. MT-2 cells (5 x 
10E5/ml) in 2.3 ml were mixed with 0.3 ml of the 
appropriate test compound solution and allowed to sit 
for 30 minutes at room temperature. HIV (3b) or HIV(Rf) 
10 (~5 X 10E5 plaque forming units/ml) in 0.375 ml was 

added to the cell and confound mixtures and incubated 
for one hour at 36®C. The mixtures were centrifuged at 
1000 rpm for 10 minutes and the supernatants containing 
unattached virus were discarded. The cell pellets were 
1 5 suspended in fresh RPMI containing the appropriate 

concentrations of test confound and placed in a 36**C, 4% 
C02 incubator. Virus was allowed to replicate for 3 
days. Cultures were centrifuged for 10 minutes at 1000 
rpm and the supernatants containing cell free progeny 
20 virus were removed for plaque assay. 

The virus titers of the progeny virus produced in 
the presence or e^ssence of test compounds were 
determined by plaque assay. Progeny virus suspensions 
were serially diluted in RPMI and 1.0 ml of each 
25 dilution was added to 9 ml of MT-2 cells in RPMI. Cells 
and virus were incubated for 3 hours at 36*'C to allow 
for efficient attachment of the virus to cells. Each 
virus and cell mixture was aliquoted equally to two 
wells of a six well poly-L-lysine coated culture plate 
3 0 and incubated overnight at 36''C, 4% CO2 . Liquid and 

unattached cells were removed prior to the addition of 
1.5 ml of RPMI with 0.75% (w/v) Seaplaque agarose (FMC 
Corp) and 5% FCS . Plates were incubated for 3 days and 
a second RPMI/agarose overlay was added. After an 
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additional 3 days at 36«C, 4% CO2, a final overlay of 
phosphate-buffered saline with 0.75% Seaplaque agarose 
and Img MTT/ml was added. The plates were incubated 
overnight at 3 6*>C. Clear plaques on a purple background 
5 were counted and the number of plaque forming units of 
virus was calculated for each sample. The antiviral 
activity of test compounds was determined by the percent 
reduction in the virus titer with respect to virus grown 
in the absence of any inhibitors, 
1 0 HIV Low Multiplicity Assay 
Materials : 

MT-2, a human T-cell line, was cultured in RPMI 
medium supplemented with 5% (v/v) heat inactivated fetal 
calf serum (FCS) , L-glutamlne and gentamycin (GIBCO) . 

1 5 Human immunodeficiency virus strains HIV (3b) and HIV 

(Rf) were propagated in H-9 cells in RPMI with 5% FCS. 
XTT, benzene-sulfonic acid, 3, 3 [1- [ (phenyl- 
amino) carbonyl]-3, 4-tetrazolium]bis (4-methoxy-6-nitro) 
sodium salt, was obtained from Starks Associates, Inc. 

2 0 Method : 

Test compounds were dissolved in dimethyl-sulfoxide 
to 5 mg/ml and serially diluted into RPMI medium to ten 
times the desired final concentration. MT-2 cells (5 x 
10E4/0.1 ml) were added to each well of a 96 well 
25 culture plate and 0.02 ml of the appropriate test 

compound solution was added to the cells such that each 
compound concentration was present in two wells. The 
cells and compounds were allowed to sit for 30 minutes 
at room temperature. HIV (3b) or HIV(Rf) (-5 x 10E5 
plaque forming units/ml) was diluted in medium and added 
to the cell and compound mixtures to give a multiplicity 
of infection of 0.01 plaque forming unit/cell. The 
mixtures were incubated for 7 days at 36"^ during which 
time the virus replicated and caused the death of 
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unprotected cells. The percentage of cells protected 
from virus induced cell death was determined by the 
degree of metabolism of the tetrazolium dye, XTT. in 
living cells, XTT was metabolized to a colored formazan 
5 product which was quantitated spectrophoto-metrically at 
450 rm. The amount of colored formazan was proportional 
to the number of cells protected from virus by the test 
compound. The concentration of compound protecting 
either 50% (ICsq) or 90% (ICgo) with respect to an 
1 0 uninfected cell culture was determined. 
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Compound # 


Cell Free 
Assav 


Cell Assay 
ICso ICon 


Example lA 


12 


2* 


6* 


Example IB 


37 


5* 


NA 


Example 2 A 


12 


10 


30 


Example 2B 


0.17 


1.9 


3.0 


Excunple 2C 


31 






Example 3 


383 






Example 4 


435 






Excunple 5 


65 
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4.8 


NA 


NA 


Example 7 


502 
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590 






Example 9 


0.52 


NA 


NA 


Example 10 


600 
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20 


NA 


NA 
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4.1 


NA 


NA 


Example 13 


3.3 


2.3 


25 


Example 14 


480 


NA 


NA 


Example 15 


260 






Example 16 


260 






Example 17 


278 






Example 18 


2.3 


6* 


12* 


Example 20 


0-01 


<1 


<1 


Example 21 


0.002 
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What is claimed is: 

1. There is provided by this invention a compound 
of the formula: 




(I) 

1 0 wherein : 

through R* and r"' through R^O are independently 
selected from the following groups: 

1 5 hydrogen; 

Ci-C8 alkyl substituted with 0-3 R^; 

C2-C8 alkenyl substituted with 0-3 rH; 

C3-C8 alkynyl substituted with 0-3 R^l; 

C3-C8 cycloalkyl substituted with 0-3 R^; 
20 C6-C10 bicycloalkyl substituted with 0-3 R^; 

aryl siabstituted with 0-3 r12. 

a C6-Ci4 carbocyclic residue substituted with 0-3 
Rl2; 

a heterocyclic ring system substituted with 0-2 
25 r12^ composed of 5 to 10 atoms including at least 

one nitrogen, oxygen or sulfur atom; 

r2A through R^A and R^^ through R^A gj-^ independently 
selected from the following groups : 

30 
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hydrogen; 

C1-C4 alkyl s\ibstituted with halogen or C1-C2 
alkoxy; 

benzyl stibstituted with halogen or Ci-C2 alkoxy; 
d r6 are independently selected from the following 



hydrogen; 
0 Ci-C6 alkoxycarbonyl ; 

Ci-C6 alkylcarbonyl; 
benzoyl; 

phenoxycarbonyl; or 

phenylaminocarbony; wherein said alkyl residues are 
1 5 substituted with 0-3 rH, and said aryl residues 

are 

substituted with 0-3 Rl2; or any other group that, 
when administered to a mammalian subject, cleaves 
to form the original diol in which r5 and R^ are 
20 hydrogen; 

R^^ is selected from one or more of the following: 

keto, halogen, cyano, -Nr13r14^ -C02R^3^ -0C(«0)R13, 
25 -0R13, C2-C6 alkoxyalkyl, -S(0)niR^3, -NHC(-NH)NHRl3, 

-C(-NH)NHR13, -C(-0)NR13r14^ -NRI^c (-0) R"-, 
NRl4C(-0)ORl4, -OC(-0)NR13r14, -NR"c (-0) NR^3r14 , " 
NR14s02NR13r14, -NR14so2R13, -S02NR13r14, C1-C4 alkyl, 
C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
30 cycloalkylmethyl ; 



a C5-C14 carbocyclic residue substituted with 0-3 
Rl2. 
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aryl substituted with 0-3 Rl2; 

or a heterocyclic ring system substituted with 0-2 
R", composed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 

R^^, when a substituent on carbon, is selected from one 
or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, C7-C10 arylalkyl, 
alkoxy, -Nr13r14^ C2-C6 alkoxyalkyl, C1-C4 
hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, C1-C4 alkoxycarbonyl, Ci- 
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(0)inRl3, -S02NR13r14^ -NHs02R^4; 

or r12 niay be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- membered ring being 
optionally stabstituted on the aliphatic carbons with 
halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 
NR13r14; or, when Ri2 ig attached to a saturated 
carbon atom it may be carbonyl or thiocarbonyl; 

and r12^ when a substituent on nitrogen, is selected 
from one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 
hydroxyalkyl, C1-C4 alkoxy, , C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -NR^^Rl*, Cz-Ce 
alkoxyalkyl, C1-C4 haloalkyl, C1-C4 
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alkoxycarbonyl, Ci-C4 alkylcarbonyloxy, C1-C4 
alky Icarbony 1 , 



5 Ri3 is H, phenyl, benzyl or Ci-Ce alkyl; 

is H or C1-C4 alkyl; 

or r13r14 can join to form (CH2)4r (CH2)5, 
10 (CH2CH2N(Rl5)CH2CH2) , or (CH2CH2OCH2CH2) ; 

Rl5 is H or CH3; 
m is 0, 1 or 2; 

15 

n and n^ are independently 0 or 1; 

W and Wl are independently selected from the following: 

20 -NRl6C(-Q)NRl6-; 

-C(=Q)NR16-; 
-C(-Q)0-; 
-NR1«C(-Q)0-; 
-OC(-K3)NRl6-; 

25 -nr16c(»q)-; 

-C(-Q)-' 

-C(=Q)CH2-' 

-NR^SS02NR^6- 

-NRl-6s02~ 
30 -S02NRl^- 
-SO2-; 
-QCH2-; 
-Q-; 

-(CH2)pNRl6-; 
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-CH2CH2-' 
-CH=CH-; 

-CH(OH)CH(OH)-; 
-CH(0H)cH2-' 
5 -Ch2CH(OH)-; 

-CH(OH)-; 
-NH-NH-; 
-C (=0)NH-NH-; 
-C(C1)=N-; 
10 -C{-OR^^)=H-; 

-OP (=0) (Q1r16)o-; 
-P <=0) (Q1r16)0-; 
-SO2NHC (-O)NH-; 



1 5 



X and Xi are independently selected from the following: 



-C(=«Q)NRl€-; 
-C(-Q)0-; 
20 -C(-Q)-; 

-CH2C{=Q)-; 
-CH2C(=Q)CH2-' 
-C(=Q)CH2-' 
-SO2NRI6- 

25 -so2~; 

-CH2QCH2-'* 
-CH2Q-; 
-CH2NRI6-; 
-CH2CH2-' 
3 0 -CH=CH-; 

-CH(OH)CH(OH)- 
-CH(OH)cH2-'- 
-ChjCHCOH)-; 
-CH(OH)-; 
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-C(=0)NH-NH-; 
-C(-Or16)=n-; 
-C{-NR16r17)»N-; 
-C(L)=N-; 

5 

Y and y1 are independently selected from the following: 

-C(=Q)NRl6-; 
-(CH2)pC(=Q)NRl«-; 

1 0 -S02NR1€-; 

-CH2NRi6-; 
-C(L)-N-; 
-C(-ORl6)«N-; 
-C(-NRl6Rl7y»i,-; 

15 -NR12c(-o)NR16-; 

- (CH2) pNRl2c (=0) NRl6-; 
-OC(=0)NRl6-; 
- (CH2) pOC (-0) NR16-; 

20 Rie is H, benzyl or C1-C4 alkyl; 

Rl'' is H or C1-C4 alkyl; 

p is 1 or 2; 

25 

Q is selected from oxygen or sulfur; 

is selected from oxygen, sulfur, UR^-* or a direct 
bond; 

30 

and pharmaceutically acceptable salts and prodrugs 
thereof . 
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2. A compound of Claim 1 wherein: 



20 




Ri and RlO are independently selected from the following: 
hydrogen; 

1 0 Ci-C6 alkyl substituted with 0-2 rH; 

C2-C4 alkenyl substituted with 0-2 rH; 
C3-C6 cycloalkyl substituted with 0-2 rH; 
Cg-Cio bicycloalkyl substituted with 0-2 R^; 
aryl substituted with 0-3 Rl2; 
^ a C6-C14 carbocyclic residue substituted with 0-2 

Rl2; 

a heterocyclic ring system substituted with 0-2 
R^^, con^osed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 



r3 and r8 are independently selected from the following 
groups : 



hydrogen; 

25 C1-C5 alkyl sxabstituted with 0-2 rH; 

C2-C4 alkenyl substituted with 0-2 rH; 
C3-C6 cycloalkyl substituted with 0-2 R"; 



30 



with the proviso that the total number of non- 
hydrogen atoms comprising r3 is less than or equal 
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to 6, and the total nximber of non-hydrogen atoms 
comprising r8 is less than or equal to 6; 

r4 and r7 are independently selected from the following 
5 groups : 

hydrogen; 

C1-C4 alkyl substituted with 0-3 R^; 
C2-C3 alkenyl substituted with 0-3 rH; 

1 0 

r3a, r4A^ r7a and r8a are independently selected from 
the following groups : 

hydrogen; 
1 5 C1-C2 alkyl; 

r5 and r6 are independently selected from the following 
groups : 

20 hydrogen, or any other group that, when 

administered to a mammalian subject, cleaves to 
form the original diol in which r5 and r6 are 
hydrogen; 

25 Rii is selected from one or more of the following: 

keto, halogen, cyano, -NR13r14^ -C02R^3^ -0C(=0)R13, 
-OR", C2-C6 alkoxyalkyl, -S(0)taR^3/ -NHC (=NH) NHRi3, 
-C(-NH)NHR13, -C(-0)NR13r14, -NR"c (=0) R13-, 
3 0 NR14c(=0)OR", -OC(=0)NR13r14, NR13c (-0) NR13r14, - 

NR14so2NR13r14^ -NR14so2R13, -S02NR13r14, C1-C4 alkyl, 
C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylmethyl ; 
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a C5-C14 carbocyclic residue substituted with 0-3 
aryl substituted with 0-3 R^^. 

5 

or a heterocyclic ring system substituted with 0-2 
R^2^ composed of 5 to 10 atoms including at least 
one nitrogen, oxygen or sulfur atom; 

1 0 

R^2^ when a substituent on carbon, is selected from one 
or more of the following: 



phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalJcylmethyl, C7-C10 arylalkyl, 
alkoxy, -NR13r14, C2-C6 alkoxyalkyl, C1-C4 
hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, Ci-C4 alkoxycarbonyl, Ci- 
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(0)niR^^/ -soaNRl^Rl^, -nhso2R^^; 

or r12 n»ay be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 5- or 6- 
membered ring, said 5- or 6- membered ring being 
optionally siibstituted on the aliphatic carbons with 
halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 
Nr13r14. qj-^ when R^^ ig attached to a saturated 
carbon atom it may be carbonyl or thiocarbonyl; 

and R^2^ when a substituent on nitrogen, is selected 
from one or more of the following: 
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benzyl, hydroxy, Ci-C4 alJcoxy, C1-C5 hydroxyalkyl, 
C1-C4 alkyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylmethyl, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

5 

is H, benzyl or C1-C4 alkyl; 

is H or C1-C4 alkyl; 

10 or r13r14 can join to form (CH2)4, (CH2)5, 
(CH2CH2N(Rl5)CH2CH2), or (CH2CH2OCH2CH2) ; 

RiS is H or CH3; 
1 5 m is 0, 1 or 2; 

W and Wl are independently selected from the following: 

-NRl6C(=Q>NRl6-; 

20 -C(=Q)NRl6-; 

-0C(-Q)NRl6-; 
-NR16S02NR16- 
-SO2NRI6- 
-(CH2)pNRl6-; 

25 -P(=0) (QlRl6)0-; 

-S02NHC(-0)NH-; 



Y and are independently selected from the following: 

-C (=Q)NRl6_; 
-NRl2c(-0)NRl6_- 
-0C(=0)NR16-; or 
-(CH2)pNRl3-; 
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Ri« is H or C1-C2 alkyl; 
R^'^ is H or C1-C2 alkyl; 

5 

p is 1 or 2; 

Q is selected from oxygen or sulfur; 

10 q1 is selected from oxygen, sulfur, NR^* or a direct 
bond; 



and pharmaceutically acceptable salts and prodrugs 
thereof. 

3. A compound of Claim 1 wherein: 



15 




20 Ri and RlO are independently selected from the following: 
hydrogen; 

C1-C6 alkyl substituted with 0-1 R^S. 
C2-C4 alkenyl substituted with 0-1 Rl^. 

25 aryl substituted with 0-1 r19; 

a heterocyclic ring system, svibstituted with 0-1 
R^^f selected from pyridyl, pyrimidinyl, furanyl, 
thienyl, pyrrolyl, pyrazolyl, imidazolyl, 
tetrazolyl, benzofuranyl, benzothiophenyl, indolyl, 

3 0 indolenyl, quinolinyl, isoquinolinyl. 
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benziitiidazolyl, piperidinyl, 
pyrrolidinyl, tetrahydrofuranyl, 

tetrahydroquinolinyl, tetrahydroisoquinolinyl, or 
decahydroisoquinolinyl ; 

wherein Rl8 is chosen from the following group: 

keto, halogen, cyano, -Nr13r14^ -C02R^3, - 
0C(=0)Rl3, -0Rl3, C2-C6 alkoxyalkyl, -3(0)^^^^^, 
-NHC(=NH)NHRl3, -C (=0) NRi3Rl4, -NR14c (=0) r13- , 
NRl4C(=0)ORl4^ -OC(=0)NR13r14^ NR13c (=0) NR13r14, 
-NR14s02NR13r14, -NR14so2R13, -S02NR13r14, C1-C4 ' 
alkyl, C2-C4 alkenyl, or C3-C6 cycloalkyl; 

a C5-C14 carbocyclic residue sxabstituted with 
0-3 r19; 



aryl substituted with 0-2 r19; 



or a heterocyclic ring system substituted with 0-2 
R^S, selected from selected from pyridyl, 
pyrimidinyl, furanyl, thienyl, pyrrolyi, pyrazoiyl, 
imidazolyl, tetrazolyl, benzofuranyl, 
benzothiophenyl, indolyl, indolenyl/ quinolinyl, 
isoquinolinyl, benzimidazolyl^ piperidinyl, 
pyrrolidinyl, tetrahydrof uranyl, 

tetrahydroquinolinyl, tetrahydroisoquinolinyl, or 
decaliydroisoquinolinyl ; 

Wherein R^9, when a sxibstituent on carbon, is 
selected from the following: 



halogen, hydroxy, nitro, cyano, methyl, methoxy, 
-NR13r14^ C1-C4 haloalkyl, C1-C2 alkoxycarbonyl. 
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C1-C2 alkylcarbonyloxy, C1-C2 
alkylcarbonylamino, -S02NR13r14, or -NHso2R^*; 

and r19, when a substituent on nitrogen, is 
Ci-C4 alJcyl; 

r3 and r8 are independently selected from the following 
groups : 



1 0 hydrogen; 

C1-C5 alkyl substituted with 0-3 halogen or 0-1 
r20; 

C2-C4 alkenyl substituted with 0-3 halogen or 0-1 
r20. 

1 5 C3-C6 cycloalkyl substituted with 0-3 halogen or 0- 

1 r20; 



Wherein r20 ±s selected from the following groups: 

20 keto, amino, methylamino, dimethylamino, - 

C<=0)NH2, C(-0)NMe2, C(-0)NHMe, or C3-C5 
cycloalkyl; 

with the proviso that the total nuitOser of non- 
25 hydrogen atoms comprising r3 is less than or equal 
to 6, and the total number of non-hydrogen atoms 
comprising r8 is less than or equal to 6; 

R* and r'' are independently selected from the following 
30 groups: 

C1-C4 alkyl siabstituted with 0-3 halogen or 0-1 
R21, wherein R21 is selected from the following 
groups : 
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keto, halogen, cyano, -NR^3r14^ -C02R^^, - 
0C(-0)r13, -or13, C2-C4 alkoxyalkyl, - 
S(0)mR^^/ -C3-C6 cycloalkyl; 

5 

a C5-C10 carbocyclic residue substituted with 

0-1 R22; 



aryl substituted with 0-1 r22; 

or a heterocyclic ring system, substituted 
with 0-1 r22, selected from pyridyl, thienyl, 
indolyl, piperazyl, N-methylpiperazyl, or 
imidazolyl; 

Wherein r22 ig selected from one or more of 
the following groups: 

benzyl, benzyloxy, halogen, hydroxy, 
nitro, C1-C4 alkyl, C1-C4 alkoxy, amino, 
methylamino, dimethylamino, haloalkyl, 
haloalkoxy, -C(-0)2R^*, or -0C(02)R^^; 

25 r3A, r4A, r7A and r8A 

are hydrogen; 

r5 and Rfi are independently selected from the following 
groups : 

3 0 hydrogen, or any other group that, when 

administered to a mammaliain subject, cleaves to 
form the original diol in which r5 and R^ are 
hydrogen; 



1 5 
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r13 and r14 are independently selected from H or C1-C2 
alkyl; 

m is 0, 1 or 2; 

5 

n and n^ are 0; 

W and Wl are independently selected from the following; 

10 -NRlSc (=Q)NRl6_; 

-C(=0)NRl«-; 
-OC(=0)NRl6_. 
-(CH2>pNRl6-; 

15 

Y and are independently selected from the following: 

-C{=0)NRl6-; 
-NRi2c(=0)NRl6-; 
20 -0C(=O)NRi6-; or 

- (CH2)pNRl6-; 

R^^ is H or methyl; 

25 p is 1 or 2; 

Q is selected from oxygen or sulfur; 

and pharmaceutically acceptable salts and prodrugs 
3 0 thereof. 

4 . The compound of Claim 1 which is : 
(S,R,R,S)-N-[4-[ [ (1,1- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy — 
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5- (IH-pyrrol-l-yl) -1- [ (lH-pyrrol-1- 

yl) methyl] pent yl ] -N2-f ormyl-L-valinamide 

The compound of Claim 1 which is: 
(S,R,R,S)-N-[4-[ [ (1,1- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
-5-phenyl-l- (phenylmethyl)pentyl] -N2- [ [N- [ (IH- 
ben2imidazol-2-yl) methyl] - 
-N-methylamino] carbonyl] -L-valinamide 

The compound of Claim 1 which is: 
(S,R,R,S)-N-t4-[ t (1,1- 

dimethylethoxy) carbonyl] amino] -2 , 3-dihydroxy- 
-5- (4-pyridinyl) -1- (4-pyridinylmethyl) pentyl] - 
N2-formyl-L-valinamide 

The compound of Claim 1 which is: 

[S,R,R, S (2S*, 3S*) ] - (1, 1-dimethylethyl) [2,3- 

dihydroxy- 4- [ ( 3-hydroxy- 

-4-methoxy-2- (1 -methyl ethyl) -1- 

oxobutyl] amino] -5- (4-pyridinyl) -1- 

- (4-pyridinylmethyl) pentyl] carbamate 

The compound of Claim 1 which is : 
(S,R,R,S)-N-[4-[ [ (1,1- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
5~ (4-pyridinyl) -1- (4-pyridinylmethyl) pentyl] - 
N2- [ (phenylmethoxy) carbonyl] - 
-L-valinamide 

The compound of Claim 1 which is: 
(S,R,R,S)-N2-[ [1- 

(dimethylamino) cyclopropyl] carbonyl] -N- [4- 
I [ (1,1-dimethyl- 
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ethoxy) carbonyl] amino] -2, 3-d±hydroxy-5-phenyl- 

1- (phenylmethyl) pentyl] -N- 

-L-valinamide 

The compound of Claim 1 which is: 
(S,R,R,S)-N-[4-[ [ (1,1- 

dimethylethoxy) carbonyl] amino] -2, 3-dihydroxy- 
1 — (phenylmethyl ) hexyl ] -N2- (N-methyl-L- 
alanyl) -L-valinamide 

The compound of Claim 1 which is : 
(S,R,R,S) - (1, 1-dimethylethyl) [4-[[ [2- 
[ (dimethylamino) methyl] -IH- 

-imidazol-5-yl] carbonyl] amino] -2, 3-dihydroxy- 
5-phenyl-l- (phenylmethyl ) - 
pentyl ] carbamate 

The compound of Claim 1 which is: 
(S,R,R,S)-N2-[ [[2- 

[ (dimethylamino) carbonyl] phenyl Jmethoxy] carbon 
yl]-N- 

- [4- [ [ (1, 1-dimethylethoxy) carbonyl] amino] -2,3- 

dihydroxy-5-phenyl-l- 

- (phenylmethyl) pentyl] -L-valinamide 

The compound of Claim 1 which is: 
(S,R,R,S)-N,N»-[2,3-dihydroxy-l,4- 
bis (phenylmethyl) -1, 4-butanediyl] - 
bis [N2- (4-aminoben2oyl) -L-valinamide] 



The compound of Claim 1 which is: 
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1 0 



(S,R,R,S)-N2-[ [ [4- 

( dimethylamino) phenyl ] methoxy] carbonyl] -N- [4- 
[[(1,1- 

-dimethylethoxy) carbonyl] amino] -2 , 3-dihydroxy- 
5-phenyl-l- (phenylraethyl) - 
pentyl] -L-valinamide 

15. The compound of Claim 1 which is: 
(S,R,R,S)-N2-[[[4- 

( (dimethylamino) methyl ] phenyl] methoxy ] carbonyl 
] -N~ [4- [ t (1, 1-dimethylethoxy) carbonyl ] amino ] - 
2, 3-dihydroxy-5-phenyl-l- 
- (phenylmethyl) pentyl] -L-valinamide 

16. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutical ly effective antiviral amount 
of a compound of Claim 1. 

17. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of a confound of Claim 2. 

18. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of a corapoiind of Claim 3. 

19. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 4 . 
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20. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 5 . 

5 

21. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 6. 

1 0 

22. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 7 . 

1 5 

23. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compoTind of Claim 8 . 

20 

24. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 9. 

25 

25. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 10 . 

30 

26. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 11. 
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1 0 



27. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 
of the compound of Claim 12 . 

28. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutical ly effective antiviral amount 
of the compound of Claim 13 . 



29. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 

15 of the compound of Claim 14 . 

30. A method for treatment of viral infections 
which comprises administering to a host in need of such 
treatment a pharmaceutically effective antiviral amount 

20 of the compoiind of Claim 15. 

31. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 

2 5 confound of Claim 1. 

32. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 

30 compound of Claim 2. 



33 . A pharmaceutical con^osition comprising a 
pharmaceutically acceptable carrier and a 
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pharmaceutically effective antiviral amount of a 
compound of Claim 3. 

34. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of the 
compound of Claim 4 . 

35. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 5 . 

36. A pharmaceutical composition con^jrising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 6. 

37. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 7. 

38. A pharmaceutical contposition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 8. 

39. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 9. 
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40. A pharmaceutical con^josition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 10. 

41. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 11. 

42. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 12 . 

43. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 13. 

44. A pharmaceutical composition comprising a 
pharmaceutically accepteJale carrier and a 
pharmaceutically effective antiviral amount of a 
confound of Claim 14. 

45. A pharmaceutical coraposition comprising a 
pharmaceutically acceptable carrier and a 
pharmaceutically effective antiviral amount of a 
compound of Claim 15. 

46. A process for preparing a compound of formula: 
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(I) 



comprising : 

(a) preparation of the required catalyst by 
mixing VCI3 (THF)3 with freshly prepared zinc-copper 
couple under strictly anhydrous, deoxygenated conditions 
in an, aprotic solvent at room temperature; and 

(b) reacting the product of step (a) with an 
aldehyde of formula (1) in an aprotic solvent at -78'*C- 
lOCC where the ratio of zinc-copper couple: VCI3 
(THF)3: aldehyde is 1-3:1-3:1. 

47. A process to prepare the compound of Claim 1 
con^rising contacting an aldehyde of the formula: 




20 wherein: 

with an aldehyde of the formula: 
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in the presence of Caulton's reagent to form the 
compound of Claim 1 wherein r5 and r6 are H and 
optionally contacting one or both of the alcohols with a 
5 derivatizing agent . 

48. The process of Claim 47 wherein the 
derivatizing agent includes compounds from the group 
consisting of acyl chlorides or anhydrides, diphenyl 
1 0 carbonates and isocyanates . 



49. 



An intermediate of the formula: 




1 5 



50. An intermediate of the formula: 




(IV) . 



20 



51. An intermediate of the formula: 
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comprising : 

(a) reacting an organometallic derivative Ri^M or 
1 0 r19m in the presence of copper (I) salts and an ether- 
containing, aprotic solvent system with a diepoxide of 
the formula: 




15 

(IV) 



(b) reacting the product of step (a) of the 
formula : 

20 
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with r22r23r24p and C1-C6 dialkyl azodicarboxylate in the 
presence of an azide anion and an aprotic organic 
5 solvent wherein : 



Rl8 and Ri9 are independently C2-C8 alkyl, 

C3-C8 cycloalkyl sTobstituted with 0-3 r25, 

^ C6-Cio carbocyclic aromatic residue selected 

^ f^oro phenyl or naphthyl, substituted with 0-3 

r26. 

a heterocyclic ring system substituted with 0-2 
r26, composed of 5 to 10 atoms including at 
least one nitrogen, oxygen or sulfur atom; 
5 selected from pyridyl, pyrimidinyl, furanyl, 

thienyl, pyrrolyl, pyrazolyl, imidazolyl, 
tetrazolyl, benzofuranyl, benzothiophenyl, 
indolyl, indolenyl, quinolinyl, isoquinolinyl or 
benzimidazolyl, piperidinyl, pyrrolidinyl, 

20 pyrrolinyl, tetrahydrofuranyl, 

tetrahydroquinolinyl , tetrahydroisoquinolinyl, 
decahydroquinolinyl or octahydroisoquinolinyl; 
r25 ig selected from one or more of the 
following groups: 

25 keto, halogen, r27r28n, c02R27, 0C02R27, or27, 

S(0)nR27, NHC(-NH)NHr27, C(=NH)NHr27, 
C(-0)NHRll, or cyano; C3-C8 cycloalkyl 
substituted with 0-3 r25. 
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a Ce-Cio carbocyclic aromatic residue selected 
from phenyl or naphthyl, substituted with 0-3 
r26; 

a heterocyclic ring system substituted with 0-2 
r26, composed of 5 to 10 atoms including at 
least one nitrogen, oxygen or sulfur atom; 
selected from pyridyl, pyrimidinyl, furanyl, 
thienyl, pyrrolyl, pyrazolyl, imidazolyl, 
tetrazolyl, benzofuranyl, benzothiophenyl, 
indolyl, indolenyl, quinolinyl, isoquinolinyl or 
benzimidazolyl, piperidinyl, pyrrolidinyl, 
pyrrolinyl, tetrahydrofuranyl, 

tetrahydroquinolinyl , tet rahydroisoquinolinyl , 
decahydroquinolinyl or octahydroisoquinolinyl; 

is selected from one or more of the 
following groups: 

phenyl, phenoxy, benzyloxy, halogen, hydroxy, 
nitro, cyano, C1-C4 al3cyl, C1-C4 alkoxy, C2-C6 
alkoxyalkyl,methylenedioxy, ethylenedioxy, C1-C4 
haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl, alkylsulfonyl, S02NR27r28, and 
r27so2NH; 

r20 and r21 are independently H, Ci-Ca alkyl, a Ce- 
Cio carbocyclic aromatic residue selected from 
phenyl or naphthyl, substituted with 0-3 R^S, ©r 
C1-C3 alkyl sxibstituted with a Cg-Cio carbocyclic 
aromatic residue, selected from phenyl or 
naphthyl, substituted with 0-3 R^S; 

M is lithium or magnesium; 

r22, r23 and r24 are independently phenyl or Ci-Cg 
alkyl . 
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53 . The compound of Claim 1 wherein Ri and r2 are 
identical, r3 and are identical, r5 and r6 are 
identical, Xl and x2 are identical and bP and r8 are 
identical. 

5 

54. A process for preparing a compound of formula: 




9 



"1 0 con^rising: 

(a) reacting confound of the formula (8) 



2HN(CHj)„ 




8 Z - COOCHzPh 



Wherein n=l-5, with diethylazodicarboxylate and 
triphenylphosphine under strictly anhydrous, 
deoxygenated conditions in an aprotic organic solvent at 
a temperature range of 25*C-85*C over a 24-hour period 
wherein the ratio of triphenylphosphine: diethylazo 
dicarboxylate : diol is 1-4:1-4:1. 
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